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ABSTRACT 
 
 Gene editing technologies in agriculture (GETA), and especially CRISPR, are 
promising new agricultural biotechnologies that are expected to revolutionize agriculture. 
The scientists developing and applying GETA will influence what types of traits are created 
and in what foods. They may also influence public acceptance and perceptions of GETA. 
However, debates around GMOs have demonstrated that publics have diverse concerns about 
agricultural biotechnologies beyond science, such as the social, political, and ethical risks 
and benefits of GMOs. Scientists that acknowledge the legitimacy of publics’ non-scientific 
knowledge, concerns, and rationalities may help mitigate potential tensions that arise around 
GETA.  
 Using empirical data collected through in-depth interviews with 20 GETA scientists 
in both industry and academia, this study examines how scientists perceive the risks and 
benefits associated with GETA, and whether scientists demonstrate reflexive scientization. I 
apply Ulrich Beck’s sociological concept of primary and reflexive scientization to assess if 
science’s traditional institutional norms and beliefs remain dominant. My findings suggest 
that GETA scientists largely remain in the phase of primary scientization, which privileges 
scientific knowledge while dismissing the legitimacy of non-scientific knowledge and 
concerns. Scientists’ values, attitudes, norms, and beliefs around GETA are influenced by the 
institutional culture of science. Based on the literature, I argue that the institution of science 
surrounding GETA may remain unreflexive due to financial and other constraints. 
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NOMENCLATURE 
CRISPR    clustered regularly interspaced short palindromic  
     repeats 
 
DNA     deoxyribonucleic acid 
 
EU     European Union 
EU Court decision   the July 2018 European Court of Justice decision to  
     regulate gene edited crops the same as GMOs 
 
GETA     gene editing technologies in agriculture 
GMO/GM    genetically modified organism 
TALENs    transcription activator-like effector nucleases 
 
US     United States 
 
USDA     United States Department of Agriculture 
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CHAPTER 1: INTRODUCTION 
Introduction 
 In 2013, a breakthrough gene editing method known as CRISPR began captivating 
agricultural biotechnology1 and health science communities. Gene editing methods are 
described as “advanced biotechnological techniques that enable the precise and efficient 
targeted modification of an organism’s genome” (Zhang et al. 2018). Gene editing allows 
scientists to edit genetic information in an organism’s DNA, revealing specific traits, such as 
disease resistance. It is frequently compared to the search-and-edit function of a word 
processor (Hsu et al. 2014). Over the past six years CRISPR has become an “indispensable 
tool in biological research… revolutionizing diverse fields of medical research, 
biotechnology, and agriculture” (Adli 2018:1).   
 Gene editing technologies in agriculture (GETA)2 are receiving much research and 
media attention. Some proponents argue that GETA will be integral to improve global food 
security; minimize deleterious agricultural impacts on the environment and subsequently 
human health; and adapt to the effects of climate change (Zhang et al. 2018), among other 
reasons. They argue that GETA will assist in meeting the increasing demand for food as the 
global population continues to grow (Zhang et al. 2018). Also, while genetically modified 
organisms (GMOs) have largely benefited farmers and agribusiness corporations, proponents 
                                                        
1 The United States Department of Agriculture (USDA n.d) defines agricultural biotechnologies as “A range of 
tools, including traditional breeding techniques, that alter living organisms, or parts of organisms, to make or 
modify products; improve plants or animals; or develop microorganisms for specific agricultural uses. Modern 
biotechnology today includes the tools of genetic engineering.” Genetically modified organisms (GMOs) are the 
most common form of genetic engineering in crops. GMOs are transgenic, meaning that genes from another 
species has been inserted into their DNA. Both gene editing technologies and GMOs are forms of genetic 
engineering. 
2 For this study, GETA refers to the methods used for editing, such as CRISPR, TALENs, and ZFNs, as well as 
the resulting modified plant or animal. For example, a gene edited soybean variety is considered a technology 
and can be legally patented as a technology.  
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argue that GETA will create benefits directed towards both farmers and consumers 
(Bartkowski et al. 2018). In addition, GETA is promised to help agricultural production 
overcome various abiotic and biotic stresses resulting from climate change, creating more 
resilient agricultural systems (Zhang et al. 2018).  
 Although there is currently much promise around GETA’s potential benefits, it 
remains to be seen if these materialize. One contingency is sufficient public acceptance 
coupled with a lack of resistance to GETA. GETA is not one, but several methods of 
agricultural biotechnologies. As with all technologies, GETA’s potential hinges on attitudes, 
perceptions, values, and behaviors across various publics (Zilberman et al. 2013), including 
government regulatory bodies and scientific research entities. A “technology effect” bias can 
occur around new technologies, resulting in excessive optimism in decision making due to 
over-optimism about successful outcomes (Clark et al. 2016). However, benefits are 
contingent upon the favorable intersection of many complex scientific and human factors, 
which can be highly difficult to predict and control. Furthermore, GETA encompasses a 
range of techniques, and some desired traits are more complex and difficult to achieve than 
others. Additional scientific advances and knowledge are needed in basic and applied 
research (Gao 2018).  
GETA Scientists as Key Actors 
 I was inspired to conduct my thesis research with GETA scientists from my work as a 
research assistant on a USDA-NIFA project titled “Identifying Gaps In Public Trust And 
Governance Recommendations For Gene Edited Foods.” Part of our project includes 
interviewing key stakeholders, ranging from agribusiness to supermarkets to advocacy 
groups, on issues of trust, governance, risks, and benefits of gene edited agriculture and food. 
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A recurring pattern emerged in which many proponents argued that lessons had been learned 
from the GMO debates, and that they planned to approach gene editing in agriculture and  
food differently. Many stakeholders, including some natural scientists and persons with 
natural science backgrounds, explained that communication efforts with publics would not 
focus so much on the science. Rather, they would include narratives and shared values when 
trying to convey the benefits and minimal risks associated with gene editing. The goal was to 
foster greater public acceptance and less opposition, which has been an issue with GMOs. 
Many proponents explained that a mistake with GMO communications had been the 
assumption that people just needed to understand the science, and then they would accept 
GMOs as safe and acceptable. As a result, I became interested in better understanding the 
role and perceptions of scientists and the institution of science as it relates to gene editing 
technologies in agriculture. In particular, I wanted to investigate if scientists’ perceptions and 
attitudes had become more open to consideration of publics’ knowledge and concerns about 
risks and benefits of agricultural biotechnologies. 
 The institution of science will play a key role in the development of GETA 
technologies, and also how those technologies are perceived and interpreted within publics’ 
understandings. This study examines how GETA scientists perceive the risks and benefits of 
GETA. GETA scientists are broadly defined as scientists working on gene editing 
technologies in agriculture, whether at the basic or applied levels, and across different 
academic departments. Agribusiness industry scientists are also included. However, this 
study is not researching individual scientists, but science as an institution. The institution of 
science and other factors— such as support structures (i.e. academic institutions, companies, 
and funding sources), socio-economic concerns, political decisions, ethics, and culture—
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impact scientists’ perceptions, beliefs, actions, attitudes, norms, and values (Egger and Capri 
2009). 
 GETA scientists are in an important position with regard to GETA development 
because they are influenced by actors and norms—such as beliefs and norms held by the 
scientific community and groups with political stakes—and they are also influencers 
themselves. Through formal and informal communications, scientists may impact the 
thoughts and actions of publics, policy-makers, and other actors. The concept of publics 
highlights that societies are composed of diverse groups of people. Bucchi and Trench (2014) 
explain that the plural form—publics— has been adopted by many scholars in science, 
technology and society studies. 
 It is important to understand scientists’ perspectives about the implications of GETA 
for several reasons. First, scientists impact decision-making in GETA research and 
development. Scientists—as individuals or teams—choose which research questions to ask 
and which topics to investigate. Especially with applied sciences, the resulting products will 
benefit some people, possibly at the expense of others. Research choices do not exist in a 
vacuum. Vanloqueren and Baret (2009) argue, “Science policies are explicitly and 
increasingly oriented towards growth and national competitiveness,” which has benefited the 
growth of agricultural biotechnology research (976). In addition, research choices are 
impacted by many factors and constraints, such as available resources or sources of funding 
(Glenna et al. 2014). Also, scientists’ knowledge, values, attitudes, norms, and beliefs—
including on non-scientific knowledge such as power relations, ethics, politics, economic 
systems, cultural beliefs, and social inequalities— may impact research topics, research 
questions, and aims. Scientific research and scientists are not value-free, regardless of claims 
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to objectivity (Peters 2014; Beck 1992). Values guiding research may reflect a combination 
of individual factors coupled with institutional and situational factors imposed on scientists 
(Glenna et al. 2011). 
 Dominant perspectives on the risks and benefits of GETA can impact the way publics 
view GETA. Scientists are perceived by publics—such as individual citizens, advocacy 
organizations, and political decisions-makers—as experts on agricultural biotechnology 
topics (Peters 2014). Their knowledge and beliefs about GETA have the potential to 
influence others’ perspectives on it, possibly impacting regulatory policies and public 
acceptance (Peters 2014). As Peters (2014:71) notes, “scientists are actively involved in the 
construction of a social reality by means of public communication.” This can be problematic 
when groups with political stakes, such as agribusiness corporations, attempt to control the 
creation and use of scientific expertise (Peters 2014; Bonneuil and Levidow 2012). Similar to 
the products created through science, the resulting policies may result in unequal distribution 
of access and benefits. 
 In addition, scientists often fail to recognize, or purposely deny, the legitimacy and 
credibility of non-scientific and non-economic forms of knowledge, expertise, and 
experience (Beck 1992), privileging their own knowledge and ontological perspectives over 
others (Andersen 2019). Some studies support Beck (1992) and Andersen’s (2019) claims. 
For instance, Cook et al.’s (2004) study on GM scientists’ discourses suggests that scientists 
“ultimately undermine participation by non-experts in areas including rationality, knowledge, 
understanding and objectivity” (433). These findings suggest that GM scientists do not see 
publics’ concerns and voices as valid and valuable. 
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 Scientists tend to view non-experts and non-scientific ontologies (what is known 
about the world) and epistemologies (ways of knowing) as biased. Yet, scientists are biased 
themselves because science is guided by philosophical principles of objectivity (non-bias), 
transparency, and rationality that contain certain assumptions (Andersen et al. 2019). 
Therefore, science is not neutral (Beck 1992). These philosophical biases “are typically 
acquired from science education, professional practice or other disciplinary traditions that 
define a scientific paradigm” and “In most cases, however, scientists remain unaware of these 
assumptions and of how they influence research” (Andersen et al. 2019:1). Biases are 
embedded within the scientific paradigm that is established and reinforced in the institution 
of science.  
 GETA: Avoiding Another GMO Debate? 
 GMOs have been hotly debated and contested in the US and other nations. Even the 
terminology and definition of a “GMO” is a source of controversy. In the United States, 
“GMO” is the term frequently used to refer to crop genetic engineering that involves the 
insertion of a transgene, meaning that DNA from one distinct species is inserted into the 
DNA of another species (Institute for Responsible Technology n.d). Unlike GMOs, the most 
commonly referred to forms of GETA do not involve the insertion of foreign DNA and are 
therefore not transgenic. Gene editing modifications are typically made within a single 
organism’s DNA. This is an important distinction between GMOs and GETA.  
 Scholars, media, companies, and activist organizations have expressed concerns that 
perceptions and attitudes about GETA may result in a repeat of the contestations and tensions 
surrounding GMOs (Bartkowski et al. 2018). Activists, organizations, scientists, and other 
scholars are already comparing GETA to GMOs, which has the potential to both help and 
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hinder GETA development (Pirscher et al. 2019). Although GMO crops have been widely 
adopted in the US and other nations, there are mixed public perceptions and levels of 
acceptance of GMOs in food and agriculture (PEW 2016). GMO debates have resulted in  
influential social movements with competing perspectives, concerns, knowledge, and beliefs 
about GMOs (Bain and Dandachi 2014; Gupta 2018). In particular, tensions around values 
and risk were, and continue to be, present in discussions of existing scientific evidence of 
safety, as well as perceptions and beliefs about benefits, hazards, harms, and unintended side-
effects from GM crops (Biddle 2018; Horst 2018).  
 Some NGOs have expressed concerns about possible links between GMOs and 
human and environmental health (Blancke 2015), but other topics include complex 
socioeconomic, political, and ethical issues associated with GMOs (Du 2012). Concerns have 
taken many forms and come from various actors with differing motives, with non-scientific 
factors rising to prominence among the US GMO debate (Jones 2019). The GMO debates are 
not necessarily about GMOs per se. Many publics are opposed to the modern industrial agri-
food system model and its associated harms to the environment and sustainable food 
production, social justice, equity, economic relations, corporate control of agriculture, and 
other concerns (Jones 2018; Roff 2017). From some of these perspectives, GMOs are 
elements of a broken agri-food system that desperately needs better alternatives (Bain and 
Dandachi). In 2015, the “March Against Monsanto” protest garnered support from about 4 
million protestors in 400 cities worldwide to voice opposition to Monsanto, the “self-
proclaimed world leader in biotech crops” (Jones 2018).  
 A recent groundswell of US activism among consumers, organic farmers, and 
environmentalists has focused on the ethical tension of the “right to know” what is in food 
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and the push for labeling of GM products (Gostin 2016). Labeling activism is considered a 
neoliberal approach to GM resistance (Jones 2018). The powerful labeling movement 
succeed in the passing of several state GM labeling laws, which prompted the US federal 
government to hastily create the National Bioengineered Food Disclosure Standard in 2016 
and pre-empt state labeling laws (Gostin 2016). 
 On the other side of the debates, agribusiness and some scientists argue that GMOs 
are necessary to address challenges to food security; to reduce chemical inputs and 
environmental impacts from agriculture; and to mitigate the harmful impacts of pests and 
diseases (Maghari and Ardekani 2011). These groups often argue that scientific tests have 
proven that GMOs are safe for human health and the environment (NAS 2016; Gostin 2016). 
Conversely, some other groups and individuals, such as independent scientists, NGO 
advocacy groups, environmentalists, farmers, and other publics, claim that GMOs can cause 
additional risks to food security; reduce critically important ecological biodiversity; 
encourage the development of “superweeds”; and increase antibiotic resistance (Maghari and 
Ardekani 2011). 
 Scientists and experts may occupy an integral role in communicating to publics about 
the risks and benefits of GETA. A common assumption is that public acceptance of nascent 
technologies can be facilitated through public education efforts about the science behind the 
technologies (Macnaghten et al. 2015). This approach is termed the deficit model of 
communication because it assumes that a lack of scientific knowledge and information is the 
cause of publics’ concerns and opposition to technologies. It follows this line of reasoning: 
clear, accurate scientific information will improve scientific literacy and foster support for 
new technologies (Macnaghten et al. 2015). Scientists are viewed as knowledgeable experts, 
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and since technological progress is needed for economic well-being, scientists should help 
inform and educate the public about science and their work. However, science, technology, 
and society research has largely concluded that the deficit model is ineffective (Macnaghten 
et al. 2015). As is visible in the contested issues in the GMO debates, people use a variety of 
information, not just scientific, when forming opinions about a technology (Jones 2018). 
However, as the GMO debates demonstrate, publics are diverse and have varying 
socioeconomic, ethical, cultural, and political concerns about genetic manipulation in foods 
and crops and the larger agri-food system (Jones 2018). In the US, activism in opposition to 
GM has become increasingly strong (Jones 2018). If scientists become more vocal in support 
of GETA through communications about the risks and benefits, their denial of the legitimacy 
of publics’ non-scientific concerns may ignite additional tensions and contestation from 
publics. 
 Analytical Framework: Beck’s Reflexive Scientization 
 Risks and risk perceptions are a critical component for identifying how GETA 
scientists understand GETA in scientific terms and as a socially influential technology. Ulrich 
Beck’s (1992) theory of reflexive modernization and concept of reflexive scientization 
provide an analytical framework for understanding scientists’ perceptions of the risks and 
benefits of GETA, and how those may or may not indicate reflexivity in thinking. Beck 
(1992) argues that reflexive modernization is a process that takes place in Western, industrial 
societies as institutions and socio-cultural norms evolve. First modernity arose as 
industrialization became embedded in societies, influencing the growth of traditional norms, 
such as gender roles, the nuclear family, and expertise as the basis for decision-making. 
Eventually societies started to become detraditionalized as people become reflexive, 
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critically assessing and calling into question ways of living and doing, and then changing 
norms and actions in response. Individualization emerges in which people are no longer 
restricted by traditional norms. Examples of this include women’s liberation movements, 
LGBTQ visibility and political rights, and new concepts of family. 
 Reflexive scientization describes processes of change that Beck (1992) argues will 
take place within science. Broadly, reflexive scientization exists when science and scientists 
become self-critical, a process in which the institution of science’s traditional monopoly on 
knowledge, rationality, and truth is challenged and reconstructed. Beck (1992) argues that 
these changes result from ontological and epistemological shifts as the institution of science 
changes alongside, and because of, other social changes, during the shift from first modernity 
to second modernity. These changes are spurred as publics grow increasingly aware of, and 
concerned about, the risks and harmful impacts from industrialization and techno-scientific 
drives to achieve what is perceived as progress. Publics begin to perceive insurmountable 
risks, hazards, harms, uncertainties, and unintended consequences of science and technology, 
questioning the pursuit of technological and economical definitions of progress at the 
expense of the environment and social well-being. GMOs, nuclear disasters, and climate 
change are three poignant examples. 
 Beck (1992) notes that his book Risk Society, which lays out the foundations of his 
theory of reflexive modernization and reflexive scientization, is not empirically grounded 
social research. Rather, he seeks “to move the future which is just beginning to take shape 
into view against the still predominant past” (9). Beck provides a descriptive, theoretical 
explanation of past, present, and future industrial Western societies’ relationships and actions 
associated with risks. Beck (1992; 2003) himself notes an important limitation of the theory 
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of reflexive modernization, which is that it is an ideal type that requires empirical testing and 
refinement. There is need for greater research to assess Beck’s theory and concepts as they 
relate to agricultural technologies. Much empirical research has been conducted to examine 
Beck’s thinking within the arena of environmental sociology (Bostrum 2018), but the 
literature in relation to the nexus of science, agricultural biotechnologies, and societies needs 
further examination.  
Problem Statement  
 Publics’ concerns around GMOs cover an array of non-scientific factors, in addition 
to apprehensions around possible impacts to human health and the environment. The GMO 
debates may have spurred the institution of science to become reflexive and self-critical, 
influencing GETA scientists to perceive the legitimacy of publics’ knowledge and concerns. 
GETA scientists may be able to help allay existing and potential public concerns about GETA 
by recognizing and considering the legitimacy and value of non-scientific knowledge and 
rationalities in their approaches to research and regulatory decision-making. However, 
science has a strongly ingrained culture which privileges scientific knowledge and rationality 
(Beck 1992).  
Research Goal 
 The goal of this research is to use qualitative interviews with GETA scientists to 
understand how scientists perceive the risks and benefits of GETA and what that reveals 
about the institution of science as it relates to public concerns surrounding agricultural 
biotechnologies. 
Research Objectives 
 This study is guided by the following research objectives: 
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1) To identify and describe GETA scientists’ perspectives of the risks and 
benefits associated with GETA. 
2) To analyze how scientists conceptualize risk. 
3) To assess if scientists engage in reflexive scientization. 
Research Questions 
 The research questions I explore in this study are 1) How do GETA scientists perceive 
risks and benefits surrounding GETA? and 2) Are scientists engaging in reflexive 
scientization? 
Research Design 
 This study employs a qualitative research design. Data was derived from 20 
interviews with GETA scientists between November 2018 and January 2019. I conducted 
semi-structured interviews with scientists in-person, through Skype, and over the phone. 
APPENDIX A contains my question list. 
Significance 
 My research contributes to the field of sociology examining Beck’s theory of 
reflexive modernization, and specifically the concept of reflexive scientization related to 
understanding agricultural technologies and relationships among the institution of science 
and publics. By analyzing GETA scientists’ perspectives of risks and benefits, I describe how 
the institution of science creates meaning around GETA as a crop and food improvement 
technique. 
 Through empirically evaluating evidence of reflexive scientization, we can also 
explore broader questions of significance. Are norms and beliefs changing for disciplines of 
science engaging in agricultural biotechnology research? Why or why not? How might the 
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presence of reflexive scientization help or hinder the institution of science and greater 
publics? How might Beck’s theory of reflexive scientization be flawed or ill-defined? Results 
from this study begins to offer insights into broader questions surrounding the institution of 
science, GETA scientists, and relations with non-scientific publics. 
Background Information: Contextualizing GETA within Crop Improvement Methods 
 Agriculture is inherently a human activity, for the plant species that are grown for 
human and animal consumption, fiber, and fuel often pale in comparison to their wild 
ancestors. Modern agriculture is the most recent chapter in the history of plant cultivation, 
dating back around 10,000 years (NAS 2016). Agriculture and the first sedentary societies 
emerged in the Fertile Crescent of Mesopotamia when hunter-gatherers began to domesticate 
and breed plants and then animals. Domestication involves the selection of plants, seeds, and 
fruits from wild plants exhibiting desired traits and then planting the seeds in specific 
locations with conditions conducive to plant growth (NAS 2016).  
 Scientific discoveries in the 1800s, including Darwin’s theory of evolution and 
natural selection, coupled with Mendel’s principles of heredity, gave rise to the modern era of 
plant breeding and genetics (NAS 2016). During the late 1800s and early 1900s, plant 
breeders employed cross-breeding of parent plants to create increasingly precise and uniform 
progeny with desirable traits (NAS 2016). For example, cross-breeding can create hybrid 
varieties of plants exhibiting traits such as increased rate of growth, greater uniformity, 
earlier flowering, and increased yield (Allard n.d). Macnaughten et al. (2015) describe the 
effects of the development of hybrid varieties, fertilizer use, and altered genomic practices on 
agricultural systems:  
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Since the second world war, crop yields have increased dramatically through three 
routes: improved hybrid varieties as a result of intensive selection breeding; the use of 
more effective agrochemicals (herbicides to prevent weed competition, 
pesticides to reduce damage by insect pests and fungal, bacterial, viral and 
nematode worm pathogens; and fertilisers to enhance soil nutritional quality); and 
altered agronomic practice (crop rotation, use of mechanisation and the 
introduction of larger scale farming). The development of hybrid high yielding 
varieties of cereal grains was a central plank of the Green Revolution. (P. 7) 
 
 Agricultural biotechnologies are a more recent development in crop improvement 
techniques. In 1973, Dr. Stanley Cohen and Dr. Herbert Boyer spliced DNA sequences from 
one organism into the DNA of another, resulting in recombinant-DNA (NAS 2016). The 
foundations of genetic engineering had been established, and industry and public scientists 
began working on the development of GM crops, as well as applications in other organisms. 
The National Academies of Sciences, Engineering, and Medicine (NAS 2016) define genetic 
engineering as “a process by which humans introduce or change DNA, RNA, or proteins in 
an organism to express a new trait or change the expression of an existing trait” (5). 
Agricultural biotechnologies is the phrase I will use throughout the remainder of the paper to 
describe genetic engineering techniques designed to improve agricultural productivity. Gene 
editing is a more recent genetic engineering technique. 
 Of the agricultural biotechnology techniques that have emerged since 1980, rDNA 
transgenic methods have been the most common. In the United States, transgenic plants are 
commonly referred to as GMOs. Transgenic means that an organism, such as maize, contains 
foreign DNA that was inserted into it though biotechnology methods (Wieczorek and Wright 
2012). To create a GMO, scientists must locate the gene for a desired trait within one 
organism’s DNA, and then transfer that gene into the DNA of another plant or animal species 
(Wieczorek and Wright 2012). GM methods for crop improvement are seen as key tools for 
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increasing the speed of crop innovations (Macnaghten et al. 2015). Conventional breeding is 
considered a slower process for improving hybrid varieties, and GM methods can achieve 
traits that conventional breeding cannot (Macnaghten et al. 2015).  
 In 1996, the first GMO commodity crop was planted in the US. It was Monsanto’s 
Round Up Ready soybeans, and since then the prevalence of many forms of GM crops in the 
US and world have flourished. As of 2015, a total of 17 GM plant species had been 
deregulated and approved for field release in the United States (NAS 2016). That same year, 
GM maize and soybeans were the most widely grown GM crops worldwide (NAS 2016). 
Global GM maize production encompassed one-third of the agricultural land planted with 
maize in 2015 (NAS 2016). In addition, GM soybeans were planted on 80 percent of the 
global land dedicated to soybean production (NAS 2016). Other GM food crops are grown 
globally, such as rice, sorghum, apple, canola, sugar beet, eggplant, and more, in addition to 
non-food crops including alfalfa, cotton, and others (NAS 2016). The world’s top producers 
are the US, Brazil, Argentina, India, and Canada. In 2015, a total of 28 countries worldwide 
were cultivating GM crops (James 2015). 
 However, not all countries have adopted GM crop technologies. For example, the 
European Union has largely rejected the cultivation of GM crops, with over half of all 
member states instilling bans (Coghlan 2015). The only GM crop approved for cultivation 
and currently grown is a variety of maize that has engineered resistance to the European corn 
borer insect (Coghlan 2015). Only four countries grow this GM maize, including Spain, 
Portugal, Czech Republic, and Slovakia (European Seed Association n.d.). 
 Gene editing biotechnology techniques, including older methods such as ZFNs, 
TALENs, and most recently CRISPR, involve precise and specific changes inside of an 
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organism’s DNA. This can be done in both plants and mammal cells. Gene editing is 
accomplished by engineering enzymes and nucleuses to make double-stranded cuts in DNA 
at specific locations. Depending on the goal, DNA can be deleted and other strands of DNA 
can be reinserted in those locations. CRISPR-Cas9 and other CRISPR methods are 
considered superior to ZFNs and TALENs because of their simplicity, versatility, and 
accuracy. CRISPR is adapted from bacterial immune systems, but the resulting organisms are 
not transgenic (Fridovich-Keil 2019). 
 GETA is considered a (relatively) cheap, precise, and fast method of improving crops 
and livestock. Many proponents hope that it is more well-received by publics than GMOs 
have been. One factor contributing to a lack of public acceptance of GMOs is rooted in their 
transgenic properties (Pirscher et al. 2018). One reason some people and anti-GMO 
organizations oppose transgenics is because they are seen as unnatural and crossing a 
boundary that science should not cross (Herring 2008). However, GETA’s proponents claim 
that gene editing is the same processes as what takes place naturally in genomes, and as 
essentially the same as conventional breeding, but faster (Bain, Lindberg, and Selfa 2019; 
Pirscher et al. 2018). The least complex forms of GETA do not involve transgenes, like 
GMOs do. This may foster greater social acceptance and reduced regulations, but it is still 
early in GETA development and too early to assess the extent of tensions that currently are, 
and may, arise around contesting values, attitudes, beliefs, and sources of knowledge. Social 
research is needed to follow GETA’s development through identifying and describing how 
GETA is contested and potentially impacts individuals, publics, and nations. 
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Assumptions and Limitations 
 I want to note an important underlying assumption that influenced my decision of 
whether or not to use Beck’s theory of Risk Society and concept of reflexive scientization in 
this study. Beck’s theory of Risk Society is based on his observations of social and 
institutional changes starting to take place in Germany and other post-WWII welfare states in 
Western Europe in from around the 1960s onward. The context of my study is perceptions of 
GETA scientists working in US agricultural technology companies and public universities. 
Although US society has followed a different political and social welfare trajectory from the 
states in Western Europe, I assume that the increasingly globalized and interconnected nature 
of scientific research, especially between the United States and Europe, has resulted in a 
significant degree of homogeneity in the perceptions, norms, practices, and beliefs of the 
community of science in both places. Therefore, I consider Beck’s concept of reflexive 
scientization to still be relevant for empirical testing outside of Western Europe. The 
literature on reflexive scientization demonstrates that other researchers have applied Beck’s 
theory of reflexive modernization to US contexts. 
Conclusion 
 In Chapter 2, I review some existing literature on empirical study of reflexive 
modernization and scientization as it relates to agricultural technologies. In Chapter 3, I 
discuss the methodology of my study. Chapter 4 presents the findings of this study and 
discusses my analysis. Chapter 5 concludes by summarizing my research, proposing areas for 
future research, and discussing the significance of my findings. 
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CHAPTER 2: LITERATURE REVIEW 
 
Introduction 
 
 In this literature review, I explain Beck’s theory of reflexive modernization and 
reflexive scientization. Beck (1992) argues that first modernity’s technological advances and 
pursuit of wealth result in greater perceptions of risk and unintended consequences to people 
and the environment, which prompts society to confront its role in creating this situation and 
how to rectify it moving forward. Reflexive scientization describes how the institution of 
science also becomes self-critical, partly in response to reflexivity among publics and their 
desire for risk mitigation and representation in decision-making. 
 Next, I present four studies demonstrating how Beck’s theory has been used in 
conjunction with issues connected to agricultural technologies. Each study empirically tested 
for elements of reflexivity among GM scientists, institutional involvement in a hog farming 
project, and Michigan corn farmers. I argue that these studies reveal the complexities and 
barriers to reflexive practices and thinking with issues surrounding agricultural technologies, 
experts, and lay people.  
 Based on my review of social science research about GETA, I found no research yet 
using Beck’s theory to understand people and institutions involved in developing gene 
editing technologies in agriculture. My study extends existing research on Beck’s reflexive 
modernization and scientization and agricultural technologies. In particular, my study adds to 
Robbins et al. and Cook et al.’s (2004) study of British GM scientists’ perceptions of publics. 
In my interviews, GETA scientists frequently mentioned their perspectives of various publics 
in their answers and explanations to questions about GETA. The GMO debates provide 
evidence of reflexive publics wanting their voices and concerns heard about the risks and 
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benefits of GMOs. My study provides support to argue whether or not US GETA scientists 
have become reflexive in response to publics’ concerns surrounding GMOs and GETA.  
Emergence of Second Modernity: Reflexive Modernization and Scientization 
 
 Beck’s (1992) theory of reflexive modernization describes the processes of social and 
political change that take place as Western European nations transition from first modernity 
to second modernity. First modernity, also called the industrial society, describes the Western 
European traditions, institutions, and norms that arose during the industrial phase of 
modernity, approximately 1800-1970. Beck (1992) argues that as societies seek to achieve 
technological and economic “progress” through scientific advances, they increasingly create 
greater risks and harmful unintended, latent consequences. Risks were once confined to 
particular locations in a specific time, such as a factory fire. However, as first modernity 
progresses, risks become ubiquitous and irreversible; they are not confined by boundaries 
and can impact future generations of humans, animals, and plants across the world. Beck 
(1992) gives examples of these grand risks, such as genetic modification, climate change, and 
nuclear power. Wealth production is at the center of societies during first modernity, 
overshadowing risk production. Science and economics are tightly interwoven. 
 Reflexive modernization is a process that takes place during the discrete second phase 
of modernity. Members of society begin to recognize and address the risks and hazards that 
they are both creators and victims of (Beck et al. 2003). Societies experience a rupture in 
continuity (Beck 1992). The growing tensions between industrial production, risks, and 
wealth give rise to second modernity, which Beck sometimes refers to as the risk society. 
During second modernity, societies become reflexive in that they enter a process of self-
confrontation, reflection, and reformation (Beck 1992).  
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 First modernity’s privileging of wealth over risk is questioned, and citizens start to 
become skeptical of expert knowledge (Beck 1992). The “logic” of industrial production, 
technological innovation, and wealth no longer dominates because competing logics emerge 
(Beck 1992:154). Risks become the focal point of social and political concerns, rather than 
wealth and industrial production. Decision-making becomes democratized and inclusive of 
more diverse peoples. Reflexive modernization, then, is able to mitigate risks, hazards, and 
unintended consequences resulting from decisions that are made moving forward. In essence, 
modernity becomes modernized (Beck et al. 2003). 
 According to Beck, (1992) primary scientization is the norms, attitudes, and beliefs 
that arise within the institution of science during the first modernity. During this phase, 
science is rooted in Enlightenment thoughts about rationality, objectivity, and social and 
economic progress. Science views risks and the natural world as objective subjects that can 
be systematically determined, understood, and controlled. Risks are calculatable probabilities 
of harms as determined through scientific and mathematical assessment methods. Science 
holds a monopoly on rationality and logic, and scientific knowledge is privileged over other 
ways of knowing. Experts make decisions in a top-down model, and publics accept and do 
not question the expert-lay divide in decision-making. Science is used in tandem with 
economic rationalities to achieve greater technologies and progress. 
 Reflexive scientization centers around the processes and changes to the values, 
norms, attitudes, and beliefs of science during the reflexive modernization phase in greater 
society. Reflexive scientization emerges as publics become aware of the increasingly grand 
scale of risks and science’s role in creating those risks. Science faces an external crises when 
it is confronted by publics and loses legitimacy, and science faces internal crises as science 
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begins to critique itself. An example of the internal crises is how different scientific 
specializations refute each other’s findings and methods. Also, science begins to critically 
reflect and acknowledge its role in the creation of risks and unforeseen side-effects resulting 
from technologies. Beck (1992) argues that self-critique within science is imperative, or else 
it probably will not recognize and avoid detrimental mistakes to the environment and 
societies in the future. 
 Beck et al. (2003) claim that reflexive scientization fosters new ways of thinking and 
doing within science, which includes democratic decision-making. The internal and external 
crises pressure science to confront itself and open up to other ways of knowing and other 
voices at the decision-making table, such as issues of ethical dilemmas and social 
implications. Science starts to see risks as subjective estimations and possibilities, as opposed 
to its earlier focus on scientific, quantifiable risks. Moreover, scientific knowledge loses its 
monopoly on what is deemed true, rational, and logical. Reflexive scientization, then, 
recognizes the legitimacy of non-scientific and non-economic sources of knowledge; the 
multiplicity of rational modes of decision-making; and the limitations of science to know and 
control risks. Beck (1992) claims that science acknowledges the emergent social rationality.  
Extending risk society: critiques and responses 
 Beck’s original German version of the book Risk Society was published in 1986, and 
the English version came out in 1992. Beck describes a meta social theory, which scholars 
have both praised and criticized. Several critiques are worth noting. For example, Draper 
(1993) highlights that Beck’s theory of the risk society and reflexive modernization lacks 
empirical support. Beck (1992) himself notes this in the preface to the book, and Beck et al. 
(2003) call for empirical testing of the theory. In the book Risk Society, Beck (1992) explains 
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that he is attempting to describe what is just beginning to emerge in societies against the 
historical industrial phase of modernity, which is not yet completely gone. Beck (1992:9) 
notes, “this book contains some empirically oriented, projective social theory [original 
emphasis] —without any methodological safeguards.” Draper (1993) also points out that 
Beck is shortsighted in stating that ecological hazards resulting from industrial technologies 
are ubiquitous and no longer confined by class boundaries. She cites the unequal distribution 
of toxic waste and dangerous goods, which disproportionately affects poor communities and 
developing countries. 
 Furthermore, Beck (1992) argues that ecological risks are increasing as a result of 
technological innovations, yet he also emphasizes that risks are perceptions (Lidskog 1993). 
As Lidskog (1993) highlights, “This oscillation between a definition of risk as a purely social 
construct and as an objective entity which de facto [original emphasis] affects humankind 
and nature is confusing, and Beck himself seems not to be conscious of his ambiguous use of 
the concept” (403). As a result, the reality of risks and public perceptions of risk are 
comingled: “perceptions of risks and risks are not different things, but one and the same” 
(Beck 1992:55). This concept is not clearly explained. 
 Beck (2000) and Beck et al. (2003) have addressed Draper and Lidskog’s critiques. 
For example, Beck et al. (2003) explain that empirical research is needed to identify and 
describe how the shift from first modernity to second modernity actually unfolds. They argue 
that the outlined criteria for reflexive modernization reflect an ideal type that can then be 
empirically tested and compared against other studies. The criteria also establish what is 
reflexive, and what is not reflexive. Beck et al. (2003) acknowledge that reflexive 
modernization will manifest itself in unique ways in different locations, and that non-
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European nations will have distinct paths that are yet to be uncovered. In addition, Beck 
(2003) addresses Lidskog’s criticism about the ambiguity of real versus perceived risk in Risk 
Society (Beck 1992). Beck et al. (2003) explain that risks and hazards (what he terms 
“destructions”) are not the same thing. Hazards are actual damaging events, while risk refers 
to the potential of hazards occurring. As Beck (2003) explains, “ ‘Risk’ and the ‘(public) 
definition of risk’ are one and the same” (213). Risk is rooted in cultural perception, be that 
scientific or social. 
(Anti) Reflexivity in Agricultural Technologies 
 Several studies have employed Beck’s theory of reflexive modernization and 
scientization to empirically look for evidence of reflexivity in tensions surrounding 
agricultural technologies. I describe and analyze three empirical studies to demonstrate some 
of the barriers to reflexive modernization and scientization, ranging from the individual level 
of GM scientists and farmers to the institutional level of project development and 
implementation. These studies highlight how both people and systems are resistant to change, 
and that perceptions of risk are context dependent. 
 Robbins et al. (2004) apply Beck’s theory to inform their analysis of expert and non-
expert tensions surrounding GM technology. The authors look at how British university 
scientists explain their research to non-experts, focusing on how the use of linguistic and 
rhetorical devices varies based on assumptions of the audience’s perceptions. Data was 
gathered through interviews with scientists and lay audience members at a conference. 
Robbins et al. (2004) also examine whether scientists’ communications persuade or vex the 
audience members. They find that the lay audience’s understandings of risk are shaped by 
diverse narratives from different institutional stakeholders. Risks are constructed by social 
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actors. People demonstrate reflexivity in their consideration of risk information presented by 
scientists and government officials. Robbins et al. (2004) give an example of how people’s 
lifestyle might impact their decision to eat certain foods, rather than relying solely upon 
scientific objective calculations of risk. 
 Robbins et al. (2004) also examine how GM scientists view non-experts. The deficit 
model of communication is often employed by the scientific community when engaging with 
the public. The deficit model assumes that the public lacks scientific knowledge or has 
misunderstandings about science or technology. When the scientific community employs the 
deficit model of communication, it is a one-way transfer of information with the intention of 
rectifying what experts view as publics’ flawed opinions about a topic.  
 Robbins et al. (2004) analyze interviews with GM scientists and find that they view 
publics through deficit model thinking. GM scientists typically frame “the public” as 
“ignorant, irrational, gullible, and intellectually vacuous” (92). These findings suggest that 
GM scientists can be classified under Beck’s concept of primary scientization, which 
precedes reflexive scientization. GM scientists employ objective views of risks and scientific 
rationality, privileging science over other socially relevant considerations. Nevertheless, 
publics are reflexive, considering risk issues such as the British food scares of the 1990s and 
power dynamics around corporate funding of public science and who benefits from GM 
foods. Publics understand that GM foods are situated within social dynamics. 
 Cook et al. (2004) expand upon their findings in Robbins et al. (2004) to conclude 
that GM scientists interact with publics from their own social identity as scientists in the GM 
scientific community. Cook et al. (2004) are the same researchers as Robbins et at. (2004) 
and use the same qualitative interviews for their analysis. Cook et al.’s (2004) discourse 
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analysis finds that scientists see themselves as separate from a homogenous public. “The 
public” are perceived as uniformly ignorant and easily manipulated by self-interested 
antagonists such as the media, advocacy groups, and politicians. 
 Bos and Grin (2008) take an institution and systems approach to evaluate if reflexive 
modernization is present in an agricultural technology project’s decision-making and actions. 
They use the “Hercules” project as a case-study for how reflexive modernization plays out 
when addressing issues with pig husbandry in The Netherlands. The Hercules project aimed 
to remedy problems resulting from intensive pig husbandry, such as manure transportation, 
through creative confinement designs. Scientists from three Dutch universities took part in 
the project. Hercules offered an opportunity for a reflexive approach to addressing safe, 
environmentally-friendly manure disposal and pig health considerations.  
 A central finding in Bos and Grin’s (2008) study is that both structure and actions 
must reform for reflexive modernization to unfold. They note that though the project starts 
with reflexive aspects— such as stakeholder engagement— economic factors, such as 
competitive advantage and cost considerations, begins to direct the project. They also cite 
another example where project workers are anti-reflexive. Project experts dismiss farmers’ 
knowledge about the advantageous aspects of straw for animal welfare and other agronomic 
reasons. The experts do not believe there is validity in the farmers’ claims. These and other 
examples from the Hercules show how institutionally embedded factors, such as scientists’ 
perceptions of relevant knowledge, made “doing” reflexive modernization highly 
challenging. Bos and Grin (2008) argue that a major challenge in actually applying reflexive 
modernization in agricultural improvement projects, such as Hercules, is changing the 
recalcitrant, normalizing socio-technical regime already set in place among the institutions 
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and experts working on the project. For instance, primary scientization is reflected in part 
when the experts dismissed the knowledge, beliefs, and values of the pig farmers. 
 Kaup (2008) examines farmers’ knowledge, decision-making, and adoption of Bt 
corn, which has insecticidal properties embedded through biotechnology. Kaup (2008) draws 
from both Beck’s theory of reflexive modernization and Rogers (2003) diffusion of 
innovations theory to explore how varying sources of expert and local knowledge influenced 
Minnesota and Wisconsin farmers’ decisions to adopt or not adopt Bt corn. Kaup (2008) finds 
that farmers are “reflexive producers” in that they use both expert and local knowledge 
during the adoption decision-making process. However, local knowledge and experience 
weighs more heavily than expert knowledge among farmers that negotiate between both 
sources of knowledge.  
 Kaup’s (2008) findings align with Beck’s (1992) claim that lay publics will become 
increasingly reflexive in their actions and thoughts as perceptions of risks increase; no longer 
will scientific expertise and knowledge be privileged over other ways of knowing during 
decision-making processes. Kaup (2008) hypothesizes that farmers’ strong reliance on local 
knowledge and experience may result from the current societal atmosphere of  “conflicting 
claims to truth” (63). Nevertheless, this study does not address if farmer reflexivity had been 
present among earlier waves of farmers. Agricultural risks in the form of invasive insects and 
diseases are not a new phenomenon, and farmers may have been reflexive in their decisions 
to adopt earlier agricultural innovations, such as hybrid corn.  
 To examine how Michigan farmers perceive and respond to climate change, Stuart et 
al. (2012) applies Beck’s theory of reflexive modernization. Similar to Kaup (2008), this 
study focuses on reflexivity among farmer decision-making. Stuart et al.’s (2012) case study 
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assesses the everyday applicability of Beck’s theory and asks what may be learned about 
farmer adoption of environmentally-friendly farming techniques resulting from exposure to 
expert information. They examine if farmers are cognizant of climate change risks caused by 
nitrogen application on fields, and if there is evidence that farmers are willing to respond to 
climate change risks or express reflexivity by taking actions.  
 Stuart et al.’s (2012) findings highlight how multiple barriers can impact farmers’ 
willingness to act and think reflexively. Contrary to Kaup’s (2008) findings, the corn farmers 
do not demonstrate reflexivity. Stuart et al. (2012) argue that risk is relational and embedded 
in identities and relationships. The corn farmers do not perceive risks from nitrogen use, for 
they do not perceive climate change as a threat. Farmers might be unreflexive because they 
do not have what they perceive as a rational reason to be concerned or change their nitrogen 
use. Beck (1992) argues that society starts to become reflexive when people start to recognize 
and become concerned about the risks and hazards resulting from industrial production and 
drives toward economic progress. Stuart et al. (2012) also note that farmers may be resistant 
to changing the status quo because they benefit from the industrial system, while also being 
inhibited by market actors.  
 Stuart et al.’s (2012) study is also an excellent example of how the harmful side 
effects of an agricultural technology—nitrogen fertilizer— were overlooked by scientists 
who aim to help farming progress through intensification. Nitrogen use is integral to 
commodity corn production, and although it is a contributor to greenhouse gas emissions, 
corn farmers are dependent upon it to generate competitive yields (Dobermann et al. 2011). 
Tensions such as this exist throughout societies. 
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Conclusions 
 This literature review presented empirical findings from studies applying Beck’s 
theory of reflexive modernization and scientization to agricultural technology contexts. A 
commonality among all three studies is that people’s diverging knowledge, beliefs, 
perceptions, identities, and interests influence degrees of reflexivity in thinking and actions 
associated with agricultural technologies. Also, perceptions of risk are often influenced by 
socio-economic factors, not just scientific information. The findings from these four studies 
help inform my study’s analysis and discussion.  
 Robbins et al. and Cook et al. (2004) find that GM scientists are largely unreflexive in 
their dismissive perceptions of lay publics’ concerns around GM foods and crops. However, 
lay publics demonstrate reflexive thinking around GM food decisions and beliefs. Bos and 
Grin (2008) show that even when an agricultural technology project is structured to be 
reflexive, experts’ strongly ingrained beliefs and attitudes about scientific knowledge and 
economic considerations can disrupt their ability to act reflexively as the project progresses 
and is implemented. A key takeaway is that both structures and actions must incorporate 
reflexivity. Finally, Kaup (2008) and Stuart et al. (2012) assess reflexivity in decision-making 
among farmers when exposed to expert information. In Kaup’s (2008) study, farmers favor 
local knowledge over expert knowledge when deciding whether to adopt Bt corn. Stuart et al. 
(2012) highlights how farmers’ perceptions of climate change risk, or lack thereof, act as a 
barrier to reflexive thinking and practices around nitrogen use on fields. In addition, 
economic benefits, such as profiting from capitalist industrial farming, and economic 
constraints can influence farmers’ reflexivity. The difference in reflexivity among the farmers 
in both studies may be partially due to risk perceptions. Farmers can see the impact of corn 
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borer insects on the plant itself and in yields. The linkage between climate change, nitrogen 
use, and negative impacts on farmer fields is not directly visible to the farmers. The next 
chapter describes the methods and design of my study. 
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CHAPTER 3. DATA & METHODS 
Introduction 
 The goal of this research is to identify and describe how scientists working on basic 
and applied research for gene editing technologies in agriculture (GETA) conceptualize 
“risk” and their perceptions of risks and benefits associated with GETA. I also assess if these 
scientists are engaged in reflexive scientization. To achieve this, I gathered data through 20 
in-depth, semi-structured interviews with GETA scientists, and then conducted a qualitative 
content analysis.  This study is guided by the following objectives:  
1) To identify and describe GETA scientists’ understandings of the risks and benefits 
associated with GETA. 
2) To analyze how scientists conceptualize risk. 
3) To assess if scientists’ engage in reflexive scientization. 
 This chapter is outlined as follows. In the next section I discuss my research design, 
including how I developed the sample frame, recruited interview participants, and conducted 
semi-structured interviews. Next, I explain how I created a thematic coding scheme to 
identify emergent, salient topical themes within risks and benefits. I then describe how I used 
existing codes and developed a new code to assess against criteria of reflexive scientization. 
The chapter concludes with an examination of ethical considerations, and the validity, 
reliability, and limitations of the data and methods. 
Research Design  
 In November I began emailing interview request letters (see APPENDIX B) to 
scientists from a purposive sample frame that I had created. In total, I conducted interviews 
with 20 participants from November 2018 through January 2019. Interviews were conducted 
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in-person, as well as over the telephone and Skype. Prior to interviews, participants were 
emailed an informed consent form (see APPENDIX C) and asked to read it and verbally 
consent during the interview. After transcribing the interviews, the documents were uploaded 
into NVivo software for coding and analysis. 
Sample frame and participant recruitment 
 I chose a sample size of 20 interviews. Two factors influenced my sample size quota. 
First, based on a review of the literature, I predicted that 20 interviews would yield saturated 
data, meaning “the point at which new data cease to yield new information or theoretical 
insights” (Dixon et al. 2016:462). When saturation occurs, additional interviews do not add 
to the validity or richness of the existing data. If saturation was not present within the data 
after conducting 20 interviews, I would have increased the sample as necessary. I submitted 
an IRB modification to increase my sample size to 30 in case this was necessary. I later 
analyzed my risk and benefits coding for the 20 interviews and confirmed that saturation had 
been achieved.  
 I used a non-probability sampling method, employing purposive and snowball 
techniques to create my sample frame. A purposive, heterogeneous selection of possible 
participants was ideal because it allowed for intentional choice in diversity of characteristics 
among the participants. Ritchie et al. (2014) explain that one of the main goals of purposive, 
heterogeneous samples is to ensure that sufficient variation is present, allowing researchers to 
identify key themes among differing peoples or cases. Although I did not create quotas for 
participants reflecting certain traits, I did select some scientists based on age, gender, 
company of employment, and university and department of employment to avoid 
homogeneity. Diversification optimizes the likelihood of identifying the complete range of 
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features associated with the conceptualization of risk, understandings of risks and benefits, 
and if evidence supports or refutes the presence of reflexive scientization among the 
scientists.  
I originally planned to compare university and industry scientists’ perspectives, but I 
later decided to analyze scientists as a single group. This study was a highly iterative process. 
In qualitative research, comparison seeks to explore and identify possible differences in 
manifestation of phenomena (Ritchie et al. 2014). After initially reviewing the data, distinct 
themes were not sufficiently present to justify an institutional comparison component, so I 
eliminated it from the design.  
“GETA scientists” was broadly defined to ensure inclusion of the spectrum of 
scientists working on gene editing technologies in agriculture, whether at the basic or applied 
levels. I conducted web-based searches to identify scientists with research projects and 
publications directly linked to GETA. To identify industry scientists, I examined scientific 
literature for industry scientists that had published on GETA. Then, using snowballing 
sampling (Blaikie 2010), I reached out to a professor at an agricultural university for help 
identifying industry scientists that he knew through his professional network.  
 All participants were required to meet qualifying criteria, including: 1) must be 
currently employed by a public university or an agricultural company developing GETA; 2) 
must hold a Ph.D. in a relevant agricultural or life science subject; and 3) must work in some 
capacity on the development of methods or applications of GETA. In addition, I included 
secondary considerations to diversify possible participants, such as: 1) what types of plants or 
animals were being, or would be, gene edited in research projects or with the gene editing 
technologies; 2) the presumed gender of the researchers; 3) how many researchers to contact 
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from a particular university, department, or company; and 4) the approximate age of the 
researchers. I explicitly searched for females engaged in GETA because the natural sciences 
have traditionally been dominated by men. I wanted to ensure that female scientists’ voices 
were not overlooked. While females’ presence in the natural sciences is growing, gender bias 
continues to create unique challenges for female scientists regarding promotions, training, 
research funding, positions on committees, and senior leadership positions (Payne 2018). 
 I identified potential university scientist participants predominantly through internet 
searches. This included: 1) searching for articles on gene editing in plants and animals 
published in Google Scholar and news stories; 2) exploring the websites of agricultural 
companies named in news and other articles; 3) Google searches for universities and 
departments working on gene editing in plants or animals; and 4) my own knowledge of 
universities known for conducting agricultural biotechnology research; 5) a review of content 
on university department news stories, lab websites, scientists’ CVs; 6) general news articles; 
and 7) two university scientists who have engaged publicly about agricultural biotechnology 
in university forums, as well as other types of media, such as documentaries and podcasts.  
 I experienced challenges in gaining access to industry scientists. Limited information 
was available online about scientists and research projects taking place at companies, such as 
research project details and researcher email addresses. I ultimately used snowball sampling 
to identify and recruit industry scientists. I met a professor from a leading agricultural 
university while at the World Food Prize in Des Moines, Iowa, in October of 2018. He shared 
information on industry scientists working on gene editing in agriculture and helped me 
make contact with them. Also, one scientist was referred to me through my work as a 
research assistant on a USDA project connected to gene editing. As a result of relying on 
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referrals to gain access to most industry scientists, I had less control over the diversity of 
industry participants (Ritchie et al. 2014; Blaikie 2010). 
Table 1: Description of Interview Participants 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* Some scientists work predominantly in either a university or company but also have paid employment 
affiliations with both. In these cases, the primary place of employment is listed first and the minor employment 
second. Some examples of minor employment positions would be serving on a board or committee for a 
company or serving as an advisor for university graduate students. 
** These numbers are scientists’ self-reported answers. Scientists were asked “about how many years of 
experience do you have working with agricultural biotechnologies?” Most scientists gave quick rough estimates 
based on when they completed their PhD. A few mentioned that they included years as graduate students. Some 
gave no reference to what they considered their starting point. 
 
Semi-structured, in-depth interviews 
 I selected in-depth interviews as my data collection because contextual information 
was critical for understanding scientists’ perceptions of GETA. As a relatively new 
technology, little sociological research has been conducted on actors involved with this 
Pseudonym Organization Years of 
Experience ** 
Alex University 10 
Amanda University 30 
Arielle University 20 
Camron University 9 
Karen University 30 
Kirk University 30 
Nila University 33 
Yili University 4 
Alfonso University/Industry* 30 
Eduardo Industry/University* 20 
Wouter University/Industry* 50 
Yan University/Industry* 23 
Arjan Industry 11 
Diego Industry 9 
Jesse Industry 5 
Lydia Industry 20 
Michael Industry 18 
Nikolai Industry 20 
Rong Industry 25 
Samuel Industry 20 
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technology. One important function of qualitative research is that it can be used for 
contextual research, allowing identification and description of phenomena as experienced by 
one or more specific populations (Ritchie et al. 2014). As Schofield notes, “The goal is not to 
produce a standardized set of results that any other careful researcher in the same situation or 
studying the same issues would have produced. Rather it is to produce a coherent and 
illuminating description of and perspective on a situation that is based on and consistent with 
detailed study of that situation” (1993:202 as quoted in Ritchie et al. 2014:217).  
 Interviews are an effective method for studying GETA scientists’ perspectives due to 
the structure and flexibility of which questions to ask. This allows data to be drawn out, 
while also allowing the scientists to elaborate on topics and issues that they felt naturally 
compelled and interested in talking about. Interviews seek to capture worldviews by allowing 
participants to speak openly on subjects. I chose individual interviews because I wanted to 
identify salient topical themes within scientists perceptions of GETA and also examine if 
topical themes were not present. Other methods, such as focus groups, allow for interaction 
among participants. This would have produced collective frames from dialogue processes, 
which may have excluded personal understandings of GETA that participants would have 
otherwise elicited in semi-private, one-on-one interview settings. 
 In addition, interviews are an effective way to explore topics that are not well 
understood (Ritchie et al. 2014). Based on my review of the literature, no other researcher 
has explored scientists’ understandings of the implications of GETA, nor did I find literature 
directly related to scientists perspectives of risks and benefits associated with GMOs. 
Interviews offer an effective method to gather data on an unexplored topic. Interviews are 
also valuable in that they can capture social phenomenon during a specific time period 
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(Ritchie et al. 2014). I considered the temporal element of my study as one of its assets. 
GETA are still early in their development, so my study captures scientists’ perspectives 
before the actual implications of the technologies are known.  
 Once my initial interview sample frame was created, I began arranging interviews. 
This process entailed emailing the scientists a participation request letter. If I did not receive 
a response, I followed up with an additional email the following week. Interview dates and 
times were confirmed, and I emailed an informed consent form to the scientists prior to 
interviews. Of the 23 scientists that I emailed an interview request letter, 15 agreed to be 
interviewed. Of the nine scientists that did not respond to my email or replied “no”, only one 
did not meet the all three of the core participant criteria; two were denied permission to 
participate by their companies; and one interview was canceled at the last minute, but the 
scientist referred me to a colleague who agreed to take part in an interview.  
  Before beginning any interview questions, participants were asked if they had read 
the informed consent, and if they had any questions about privacy or confidentiality. Verbal 
consent was accepted and indicated in my notes on each scientist’s interview question list. 
Interviews typically lasted 35-60 minutes and were audio recorded on a disabled, old cell 
phone. To protect the privacy of the data, the phone needed a passcode to be accessed, and it 
had neither internet nor calling service. I uploaded audio files to my computer through a 
cable and then erased the original files from the phone. 
  I followed Ritchie et al.’s (2014) recommendations about topic guides. My question 
list functioned as an aid to ensure consistency in data collections, while also allowing the 
ability to probe for salient details relevant to each individual. The structure and context of 
questions were intended to follow Ritchie et al.’s (2014) four stages of interview discussion 
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progression: stage 1, introductions and context setting; stage 2, general surface level 
questions; stage 3, complex and in-depth core questions; and stage 4, winding down. The 
final hypothetical question proved a good question for concluding the interview. Scientists 
seemed to enjoy contemplating on conducting research in a hypothetical situation with 
unlimited resources. 
 I used an interview question list as a general guide during the interviews. I 
constructed the question list around the study’s original research aims. I was particularly 
interested in the scientists’ perceptions of the possible risks and benefits associated with 
GETA. Scientists were allowed to explain if they felt there were risks and benefits resulting 
from GETA, and to whom and what, as well as risks and benefits that impact the 
development of GETA. In addition, questions probed general agricultural issues, public 
acceptance, scientists’ roles as advocates, and research motivations and desires. After 
conducting several interviews, I added minor modifications to the interview questions. For 
example, I added a final question that asked participants to respond to a hypothetical 
situation: if she or he had unlimited funds and resources, what gene editing technology in 
agriculture they would like to work on next. This was because I originally thought the 
emergent themes would focus on food security and I wanted to examine if scientists’ answers 
to that question indicated a desire to conduct research on products that may contribute to 
enhancing food security.  
 Prior to officially beginning the interviews, I attempted to establish rapport with the 
scientists by mentioning some of their research and educational background information that 
I had already identified. I also gave them the opportunity to ask me any questions that they 
may have about my study or research assistantship. Several participants mentioned time 
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constraints, so I paced the discussion and prioritized some questions over others. Some 
interviews did not cover all of the questions in the list, but all interviews included the 
questions related to the possible risks and benefits of GETA and scientists’ opinions about 
public acceptance of GETA. After completing each interview, I thanked the participants and 
encouraged them to reach out to me if they had any questions or comments. Following the 
interview, I emailed each participant a “thank you” letter on ISU letterhead. 
 I achieved a heterogeneous sample of scientists. Scientific fields tend to be male-
dominated, yet I obtained interviews with six females and 14 males3. University scientists 
represented seven different institutions, with a total of 11 participants. Nine industry 
scientists participated, representing five different companies, some of which were well-
established agribusiness multinational corporations, and others were recent agricultural 
biotechnology start-ups. While I did not explicitly seek to include scientists that originally 
hailed from nations besides the US, seven of my scientists made references during interviews 
which suggest that they may have grown up in other nations before coming to the US for 
their PhD training or science career.  Years of self-reported, estimated work experience in 
agricultural biotechnologies also varied, ranging from 4-50 years and averaging 21 years. 
Finally, scientists reported completing both basic and applied research related to GETA.  
 An undergraduate research assistant and I transcribed the interviews to text 
documents. I evaluated the undergraduate’s transcriptions to ensure accuracy by listening to 
each audio while reading along on its corresponding transcription. Each transcription was 
assigned an identification code, which was linked to the participant’s name in a key that only 
I could access on CyBox, an encrypted cloud storage space. This ensured security and 
                                                        
3 I did not explicitly ask scientists to self-identify their gender, instead, I presumed it.  
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privacy. I created pseudonyms for each scientist to ensure the privacy of institutions, 
companies, and scientists. All names appearing in this thesis are pseudonyms. 
Developing a Coding Scheme and Coding 
 Developing a coding scheme (APPENDIX D) to capture and analyze my data and 
assess it against criteria for reflexive scientization was a highly iterative process. First, I first 
assessed my data to identify general themes. Once I had reviewed my risk themes, I 
identified that scientists frequently talked about GETA as almost risk-free; however, many 
scientists’ spoke about a plethora of risks to the successful development and 
commercialization of GETA. I reviewed the literature on risk to help interpret and explain my 
findings. I identified Beck’s (1992) Risk Society, theory of reflexive modernization, and 
concept of reflexive scientization, and after exploring primary and secondary literature on the 
theory, I concluded that it was an excellent theoretical framework for my topic.  
Phase 1: Focusing on risks and benefits 
 I developed an initial coding scheme by drawing on themes employed by Bruce 
(2016) and conducting an inductive analysis of a sample of three interviews. The initial 
coding scheme focused on capturing risk and benefit topical themes. First, I drew on several 
discourse codes used by Bruce (2016) in her study of scientism and biotechnology regulatory 
policy. Bruce’s study is particularly relevant as a coding scheme reference because it 
examines discourses “used to reframe the public debate about controversial science and 
technology into a risk assessment carried out by experts” (628). Bruce’s focus on experts, 
agricultural biotechnologies, and risk assessment linked it closely to my study. My final risks 
and benefits themes included the categories technical and scientific, environmental, 
economic, social, governance and regulations, and little-or-none. Economics and social were 
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originally two categories, but I combined them during analysis because some social and 
economic topics were discussed in tandem. I also included separate themes related to specific 
questions, such as Public-Social Acceptance and Agriculture and Food Issues.  
 Using NVivo, I coded the 20 interviews according to the coding scheme. Risks were 
conceptualized as “concerning a situation or event in which something that human beings 
value is at stake and where the outcome is uncertain” (Jaeger et al. 2001:17 cited in Roeser et 
al. 2012:1006). Scientists did not have to use the word risk for a topic to be coded as risk. I 
broadly conceptualized risk using the aforementioned definition, so I captured any references 
to probabilities and possibilities of hazards, harms, uncertainties, and unintended 
consequences associated with GETA. This included risks resulting from GETA and risks to 
the development of GETA. I conceptualized benefits as any situation or event which results 
in a positive outcome from GETA or to the development of GETA. Once coded, I printed 
coding summary reports and manually wrote notes for each theme noting topics and their 
contexts. The most commonly and richly discussed topics represent the salient themes in my 
findings (see next Chapter). 
Phase II: Encompassing reflexive scientization 
 I identified Beck’s Risk Society and reflexive scientization after phase I of my coding. 
I needed to ensure that my data and codes could be used as a valid assessment of reflexive 
scientization. Based on my initial coding, I reviewed several of Beck’s (1992; 2000; 2003) 
works again and identified three broad themes to use as criteria for assessing to what degree 
primary or reflexive scientization is revealed in scientists’ answers to interview questions 
about GETA. My interview questions had prompted responses linking to the reflexive 
scientization criteria. The criteria are the following: 
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Table 2: Reflexive Scientization Criteria 
 
 
1. Scientists acknowledge the legitimacy of non-scientific sources of knowledge and 
opinions relating to biotechnologies and GETA concerns and tensions. 
2. Scientists express openness to multiple standards of rational actions for making rules 
and determining limits on GETA. This is examined through scientists’ opinions 
about governance and regulation of GETA, and who should be involved in the 
decision-making process. 
Criteria 1 Criteria 2 Criteria 3 
Scientists acknowledge the 
legitimacy of non-scientific 
sources of knowledge and 
opinions relating to 
biotechnologies and GETA 
concerns and tensions. 
Scientists express openness to 
multiple standards of rational 
actions for making rules and 
determining limits on GETA. 
This is examined through 
scientists’ opinions about 
governance and regulation of 
GETA, and who should be 
involved in the decision-
making process. 
Scientists no longer view 
science as infallible. Risks go 
beyond what can be measured 
with scientific and probability-
based assessments of adverse 
effects. 
Examples 
Þ Neutral or positive 
references to concerns 
raised by various publics 
in the GMO debate. 
Þ Neutral or positive 
references to various 
publics when talking 
about GETA and 
justifications for social 
acceptance or rejection. 
 
Þ Scientists are impartial 
when talking about the 
EU Court’s decision on 
GETA. 
Þ Acknowledging that 
science is not the only 
rational, logical, or valid 
knowledge when making 
government decisions. 
Þ Recognizing the 
legitimacy of non-
scientific and non-
economic factors in 
regulation and policy 
decision-making. 
 
Þ Scientists conceptualize 
risk as the possibility of 
hazards, harms, 
uncertainties, and 
unintended consequences 
resulting from 
biotechnologies and 
GETA.  
Þ Scientists acknowledge 
the limits of scientific 
knowledge and possibility 
of errors. 
Þ Scientists reference 
possible and substantiated 
harms and hazards that 
resulted from GMOs. 
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3. Scientists no longer view science as infallible. Risks go beyond what can be measured 
with scientific and probability-based assessments of adverse effects. 
 Next, I examined my existing coded data on risks, benefits, and additional codes 
related to specific questions to determine if I had already captured the contextual information 
relevant to validly assessing the three reflexive scientization criteria themes.  
 Criteria 1 directly relates to scientists’ perspectives about the GMO debates and 
GETA, which was already coded as various types of risks and benefits associated with GETA 
based upon the context of answers. For example, if a scientist referenced how a repeat of the 
GMO debates would, or already is, deterring companies from investing in and developing 
GETA, it was coded as an economic risk. To increase the validity of my assessment of this 
criteria, I also used a code that I had originally developed for the question “Do you think 
GETA will be accepted by the public? Why or why not?” This code also captured scientists’ 
references to publics and acceptance when present in answers to other questions.  
 Criteria 2 relates to scientists’ perspectives on positive and negative forms of 
governance and regulations of GETA and agricultural biotechnologies. References to these 
were captured in “governance and regulations” of various risks and benefits codes. For 
instance, several scientists were pleased that the USDA is regulating most plant-based GETA 
similarly to conventional plant breeding, stating that it would be positive for trade and 
technological development. Those examples were coded as governance and regulation 
benefits. I decided to evaluate my belief that I likely had already captured the majority of 
relevant content for assessing criteria 2. I knew that multiple scientists discussed the EU 
Court decision and its implications, so I did a word search in the transcriptions for EU, 
Europe, and European. I sampled 10 documents and looked at instances of those words, the 
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context, and if they had been coded in risk or benefit. I only found one example where a 
relevant reference had not been coded. This provides reasonable evidence to suggest that my 
initial coding of risks and benefits had reliably captured the interview content necessary for 
assessing criteria 2. 
 Criteria 3 relates directly to risks. My original risk codes used a broad definition of 
risk, which captured scientists’ broad references to possible adverse effects resulting from 
GETA and challenges to the development of GETA. As a result, some content for assessing 
this criteria had been captured in my original risks. My original benefits codes also captured 
content related to criteria 3, especially comments about scientific-technical benefits of 
GETA.  
 Nevertheless, I determined that criteria 3 required a specific examination of how 
scientists’ conceptualized risk. My conceptualization of risk captured a large amount of 
information and did not rely upon explicit references to the word risk. Therefore, it was 
necessary to analyze explicit use of the word risk in scientists’ answers and responses to my 
direct questions about risks. I created a new code titled “explicit risks” and used NVivo to 
search all transcriptions for the words risk, risks, and risky. I coded every reference using 
these words. As a result, I could analyze content and determine if scientists perceive risks 
through a scientific, probability-based lens, or a broad definition of risk similar to my 
conceptualization. The former is criteria for primary scientization, and the latter is criteria for 
reflexive scientization. 
 After I ensured the validity and reliability of my approach to capturing content related 
to the three criteria for reflexive scientization, I proceeded to use existing codes on risks, 
explicit references to risk, and benefits to code for the three reflexive scientization criteria. I 
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was then able to analyze my findings for salient topics and themes. My findings are presented 
in the next chapter.  
Ethical Considerations 
 Throughout the research and writing process I sought to apply core principles 
espoused by the IRB, including taking steps to ensure the privacy and confidentiality of 
participants with recordings and transcriptions of their data. While I do not consider the 
information in the interviews to be sensitive, I treated it as if it were. Only myself, Dr. Bain, 
and the undergraduate transcriber had access to the data. The undergraduate transcriber had 
completed CITI training for ethical research with human subjects. She was briefed about 
maintaining the privacy and confidentiality of the participants and how to use CyBox to 
safely store the files. The undergraduate did not have access to the codebook containing the 
participants’ identifying information.  
Validity and Reliability 
 Throughout my data collection, coding, and analysis I sought to be precise and 
accurate with the intention of creating high quality analyses of data. Quality data will be 
reliable and valid. Reliability addresses the uniformity of techniques and findings in the 
research and analysis process (Babbie 2007). A strength of qualitative research is that it tends 
to be more valid than quantitative research, but less reliable. I addressed reliability concerns 
during my interviews by attempting to uniformly ask questions. I also sought reliability in 
my coding by re-coding two original transcriptions by hand the day after I originally coded 
them. I then compared the first coding and second coding, noting similarities and differences. 
My codes were reliable and only contained a few minor discrepancies.  
 
 
45 
 I also took several steps to generate valid data. Validity reflects the degree to which 
the concepts being examined reflect their real meanings. I coded extra information to capture 
the context of scientists’ explanations and descriptions, and when I was analyzing my codes, 
I returned to original transcripts if I was still unsure of the context. During meetings, Dr. Bain 
stressed the importance of fairly describing what scientists were saying and not saying. As a 
person passionate about issues of equality, equity, and justice, I had to critically reflect upon 
my own biases and how they might impact my analyses. I have taken great efforts to try to 
fairly and impartially describe the salient themes that emerged from my data. I recognize that 
researchers cannot completely eliminate personal bias, but being self-reflective of our own 
biases enables us to minimize their influence on our research. 
Limitations 
 The value of interview data is rooted in the belief and assumption that “participants 
are individuals who actively construct their social worlds and can communicate insight about 
it verbally” (Ritchie et al. 2014:55). I have reason to question the independence and validity 
of perspectives expressed by at least one industry scientist. A scientist revealed that someone, 
such as their supervisor, had presented them with some information to discuss with me 
during the interview. Therefore, it is possible that some of the participants received a degree 
of coaching prior to the interview. Specifically, companies may seek to utilize interviews by 
the press or researchers as a way of promoting products, encouraging public acceptance of 
technologies, or as a public relations act. I have no way of knowing if any of the interview 
participants, either from industry or universities, were expressing their own perspectives or if 
external actors had influenced what was said during the interviews. I decided to still include 
that industry scientist’s interview in my data because the responses differed considerably 
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from their colleague whom I also interviewed. I assume that the coached information may 
have pertained to the scientific/technical benefits of gene editing in agricultural technologies.  
 Time and resources constrained some choices around the research design. While 
interviews are an effective method for obtaining qualitative data to understand a group’s 
perspective, I would have included additional methods of data collection if possible. For 
example, I would have conducted focus groups with scientists after individual interviews. 
This would have allowed me to analyze interview data and focus group data, and then 
compare the results. Triangulation among data from different methods allows validation, 
invalidation, and expansion of findings (Ritchie et al. 2014).  
 Finally, my study was a highly iterative process. If I had planned to assess reflexive 
scientization from the start of my research, I would have included some additional questions 
in my interview question list. Also, my codes consist of deduction and induction. After 
adding reflexive scientization as an assessment criteria, I had to decide if I was going to 
create new codes and recode all of my transcripts, or if I had already reliably and validly 
captured the content to assess reflexive scientization in my existing codes. In the end, I 
determined that my existing risk and benefits codes captured the content for assessing the 
three reflexive scientization criteria. I did create one new code to capture explicit references 
to risk. If my study had been examining reflexive scientization from the start, I would have 
created a code for each criteria and coded it along with the rest. 
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CHAPTER 4: FINDINGS AND DISCUSSION 
Introduction 
 This study examines how scientists perceive the risks and benefits of gene editing 
technologies in agriculture (GETA) and assesses if GETA scientists are engaging in Beck’s 
concept of reflexive scientization. The findings and analytical discussion are guided by the 
following objectives: 1) To identify and describe how GETA scientists perceive the risks and 
benefits associated with GETA; 2) To analyze how scientists conceptualize risk; 3) To assess 
if scientists’ engage in reflexive scientization.  
   By examining GETA scientists’ comments about risks and benefits, and assessing 
them against reflexive scientization criteria, I found GETA scientists’ perceptions do not 
reflect strong evidence of reflexive scientization. I argue that scientists continue to view risks 
caused by GETA largely from a scientific lens, noting that existing safety and risk assessment 
tests ensure the safety of GETA. Risks are directed towards GETA in that activists, publics, 
and the EU Court Decision threaten the successful development and utilization of GETA. 
The monopoly over rationality and valid knowledge remains prevalent with limited self-
critique and reflection demonstrated. Overall, scientists perceive GETA as able to provide 
widespread benefits for crop improvements, farmers, consumers, and the environment. My 
assessment suggests that the normative assumptions, values, and beliefs that dominate the 
scientific community during the phase of primary scientization continue to dominate the 
scientific field engaged in developing gene editing technologies in agriculture. 
 The chapter begins by explaining what scientists perceive as the benefits of GETA. 
Next, I examine how scientists conceptualize risk in their comments. I then identify and 
describe the diversity of themes in scientists interviews when using a broad definition of risk 
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to include possible hazards, harms, uncertainties, and possible unintended side-effects. 
Finally, I conclude by assessing if scientists’ comments provide evidence of reflexive 
scientization. I conclude with a discussion of my findings.  
Scientists’ Perceptions of Benefits 
 In order to gain a holistic understanding of scientists’ perceptions related to risk, I 
also identified how scientists perceived the benefits of GETA. Risks and benefits often 
complement each other by highlighting possible tradeoffs. How scientists talk about benefits 
also is an indication of why they perceive GETA as important. To examine how scientists 
perceive the benefits surrounding GETA, I coded scientists’ references to actions or outcomes 
that were presented as having a positive impact. I coded references to benefits in the 
following categories: technical/scientific, environmental, socio-economic, governance and 
regulations, and “little or none.” Overall, scientists saw GETA as highly powerful 
technologies that can have significant impacts on societies from the micro to macro level. 
Governance and regulation benefits 
 Scientists were pleased with the USDA’s current approach to monitoring GETA in 
plants similarly to conventional breeding. In March of 2018, USDA Secretary of Agriculture 
Sonny Perdue announced:  
USDA seeks to allow innovation when there is no risk present…At the same time, I 
want to be clear to consumers that we will not be stepping away from our regulatory 
responsibilities. While these crops do not require regulatory oversight, we do have an 
important role to play in protecting plant health by evaluating products developed 
using modern biotechnology. (USDA 2018)  
 
According to the USDA, “Under its biotechnology regulations, USDA does not currently 
regulate, or have any plans to regulate plants that could otherwise have been developed 
through traditional breeding techniques as long as they are developed without the use of a 
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plant pest as the donor or vector and they are not themselves plant pests” (USDA 2018). 
Many forms of current GETA fall into this classification. However, some forms of GETA can 
contain a transgene or complex combinations of traits, which would exclude them from this 
exemption. 
 Multiple scientists commented on the USDA’s current approach to regulating GETA 
food crops, noting how companies and consumers can receive economic benefits. Nila 
explains:  
At least in the United States, the USDA has come out and said that if there were 
changes made by gene editing, they wouldn’t be regulated if those changes could be 
made naturally, which is exactly the process…The US government has done a lot to 
make this technology just going to mainstream agriculture…I’m hoping [GETA food 
plants] will start hitting the market one way or another very soon. 
 
Nila is an academic scientist, yet she sees how limited USDA oversight can assist the process 
of getting GETA products into supermarkets. Yili also notes benefits from limited USDA 
oversight: “Using CRISPR, at least in the US for now…the USDA have given a free pass to 
certain genome editing. You’re going to save time and money on that. Taken together, that’s 
making new varieties release to the market for people to use a shorter time.” According to 
Yili, there are financial and temporal benefits resulting from the USDA’s approach. Yan 
echoes Yili’s comments and adds: “That is going to lower the cost. So there’s more people 
waiting to make new crop varieties with the health benefits. The consumer can benefit 
directly from it. That’s another reason you’re going to see more and more consumer traits on 
the market.” He believes that removing the high regulatory costs linked with GMO 
regulations will spur innovations that benefit consumers. None of the scientists expressed 
dissatisfaction with the USDA’s current decision to treat simple methods of gene editing 
similarly to conventional breeding.  
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Socio-economic benefits 
 Many scientists described how limited regulations would result in economic benefits 
that would foster an inclusive scientific community for GETA research and development. 
They argued that the current regulatory process for GMOs prevented universities and 
medium-to-small companies from taking part in the GMO innovation process. They claimed 
that if GETA has lower regulatory costs and burdens, as is expected under the current USDA 
oversight scheme, it will result in improved crop and food traits for both farmers and 
consumers. Scientists felt that GMO regulations are exclusionary because of the high costs, 
and as a result, only large agribusiness corporations could afford the research, development, 
and deregulation costs. As a result, agribusinesses only developed commodity crop GMOs 
for farmers so that they could recoup the costs of bringing the GMOs to market. Eduardo 
explains:  
The technology costs and effort for [GMOs] limits a little bit how many different 
sources from academia and industry… can develop crops with that technology. But 
gene editing has changed that where gene edits are accessible to a large group of the 
scientific community.  
 
Yan notes how GETA research and development will be more inclusive: “I think the question 
is going to be shifted. There are more players, more people are going to develop traits the 
consumer cares about. That is going to have a huge impact, social impact.” In addition, 
several scientists mentioned that less regulations and costs will make GETA accessible to 
developing countries, enabling them to address challenges in agricultural production and 
food security.  
 Economic and social benefits were often interconnected. A common theme was 
GETA’s ability to improve what they considered food quality for consumers, some of which 
can positively impact consumers’ finances. Scientists cited benefits such as improved taste, 
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increased protein, more nutrients, elimination of allergens, and overall healthier foods. In 
addition, GETA will create products with longer shelf life, reducing food waste and lost 
money. Lydia claims: “You know, if we improve shelf life so there’s less food waste. If we do 
something to decrease plant disease. All of that will decrease the cost of food, which will 
benefit consumers in the long run.” If people save money by not losing food to spoiling, they 
will be able to afford more food.   
 Scientists also described how GETA could help alleviate food security and improve 
well-being for individuals and societies in developing countries. For example, Samuel 
describes how a project at his company is trying to utilize GETA to transform sorghum, a 
common staple crop in many sub-Sahara African nations. He explains: “and the traits in 
sorghum we’re developing, that will benefit increased yields in developing countries. 
Farmers, they will benefit and their families.” Yields were not the only way GETA could help 
ameliorate food insecurity. GETA could help address many agricultural challenges, resulting 
in social benefits for farmers and their families. According to Alfonso,  
For subsistence farmers and others in the developing world, provided that there is sort 
of a conducive environment for deployment of gene edited crops, they have the 
potential to address challenges in crop production that can be a make or break for 
some of these small scale farmers…genome editing can represent life-saving 
technology for millions of people all around the world.  
 
Alfonso’s statement represents an important caveat that he and other scientists mentioned. 
Individuals and societies in developing countries will not receive these benefits if there is not 
social acceptance and economic and regulatory conditions that allow GETA to be adopted. 
 Scientists also explained that farmers will receive benefits from GETA. For example, 
they argued that GETA will support economic security for farmers and their families. 
Improved traits will result in better crop varieties and less crop losses. Scientists claimed that 
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GETA can help lower production costs, in part by eliminating the need for expensive and 
inefficient use of chemical inputs. In addition, smallholder farmers in places such as African 
countries could receive GETA benefits, too. One way this would help is by reducing the labor 
requirements in fields. Camron comments: “a large percentage of the workforce actually just 
spend their time weeding.” He believes that herbicide tolerant crops will free up women and 
children from weeding so they can pursue other employment opportunities and attend school. 
These and other examples represent the social benefits that may result from GETA.  
Environmental benefits 
 In relation to environmental benefits, scientists believed that GETA would greatly 
improve agricultural production and efficiency, resulting in healthier ecosystems. A 
commonly cited benefit was GETA’s ability to reduce habitat loss resulting from additional 
agricultural encroachment on arable land. Alfonso explains: “If [GETA] is not implemented, 
I think we’ll see further loss of the natural habitat. How much more of the Amazon can we 
cut down to grow soybeans before we affect all kinds of things?” Karen describes the tension 
further: “try to be able to use less land to produce equal amount or more food. I think that’s 
the biggest incentive. Being efficient is the main issue that all societies try to reach.” 
 Many scientists also described how GETA could help address current agricultural 
issues, such as the use of chemical inputs that have harmful effects for the environment. 
Scientists expressed beliefs that GETA can reduce chemical applications for agricultural 
production. Alfonso argues:  
“Another thing, too, is that if we’re through genome editing able to reduce 
agricultural inputs—pesticides, fungicides, whatnot—then I think everyone stands to 
benefit because we can reduce the negative environmental impact of 
agriculture…more tolerant crops that require fewer inputs. Wow, that’s swell.” 
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Alfonso, like other scientists, notes the relationship between environmental health and human 
health and social well-being. GETA could foster healthier environments while improving 
farmers’ abilities to fight pathogens without chemicals and still maintain higher yields. Kirk 
explains: “the advantages you’re going to see is better resistance to changes in abiotic 
stresses, like weather. Better challenges to meet biotic stress: pathogens, fungi, bacteria. I 
think you are going to see easily higher yields. The ability of growing with less fertilizers 
with other fewer inputs. That’s really exciting to me.” 
Scientific and technical benefits 
 Scientists described many of the scientific and technical benefits of GETA by 
comparing them to other methods for crop improvement. Many scientists explained that 
GETA is a fast, precise, easy, agile, and accurate way to enable traits that are already present 
in organisms’ genomes. Alfonso compares GETA’s innovation speed to that of conventional 
breeding:  
It would take years [with conventional breeding]…you give me your best beefsteak 
tomato with one problem, and in one year I hand you back the same beefsteak tomato 
with one change and it’s non-GMO…I tell you this is the best thing since the plow. 
Seriously! 
 
Rong elaborates on GETA’s strengths: “The tool is more powerful and versatile… So we get 
the new product to market faster. Because it’s more precise, we also believe the product we 
develop probably is going to be better than older technologies because [GETA are] precise 
tools.” Scientists saw the technical benefits of GETA as enabling them to create better 
products that benefit consumers and farmers faster. They argued that GETA can create traits 
that other methods cannot, such as changing multiple genes at once. GETA is seen as a 
powerful “tool” added to the “toolbox” of crop improvement methods. However, several 
scientists qualified their optimistic statements about GETA by noting that other methods, 
 
 
54 
such as conventional plant breeding and GMOs, remain important. Scientists wanted to be 
able to access as many tools as they can, and a couple cautioned about creating premature 
hype around GETA. 
Scientists’ Perceptions of Risk 
 I examined how scientists conceptualized risk by analyzing scientists’ responses to 
explicit questions about risks. I also analyzed other utterances and contexts when the word 
risk was used in discussions related to other questions. This allowed me to determine if 
scientists think about risk through a classical scientific lens or a broad lens. Also, I was able 
to identify and describe salient themes relating to risks surrounding GETA. Based on the 
literature, I expected to find that scientists would draw from classical scientific risk 
assessments (Beck 1992; Roeser et al. 2012). If scientists deviated from a scientific risk lens 
to include possibilities, such as possible hazards, harms, unintended consequences, and 
uncertainties in science and other aspects of societies and the environment, it could provide 
evidence of reflexive scientization.  
 A classic risk paradigm utilizes a narrow definition of risk in which risk is seen a 
calculable entity (Roeser et al. 2012; Rajan and Latourneau 2012) or can be assessed through 
scientific means (Beck 1992). Science in the primary scientization phase uses the classic risk 
paradigm to inform its scientific risk lens (Beck 1992). However, the underlying assumption 
is that risks are definable and measurable (Roeser et al. 2012:1075).   
 On the other hand, a broad risk lens includes elements of possibilities and unknowns. 
When risk is broadly defined, it is not restricted to what is scientifically known and 
mathematically calculatable. Reflexive scientization employs a broad risk lens. I 
conceptualized a broad risk lens as “concerning a situation or event in which something that 
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human beings value is at stake and where the outcome is uncertain” (Jaeger et al. 2001:17 
cited in Roeser et al. 2012:1006). It includes possibilities of undesirable outcomes or 
unknowns.  
 Scientists were asked two risk-based questions: 1) What risks may gene edited foods 
and crops pose? and 2) What risks may gene edited foods and crops pose to society/ies?  
Scientists’ conceptualize “risk” through a scientific risk lens 
 In the context of GETA, scientists frequently used the word risk in association with 
existing scientific knowledge and data, especially related to current genomic knowledge and 
environmental and food safety tests. They often explained that GETA poses no or very little 
risk because existing scientific assessments of safety mitigate the likelihood of negative 
consequences to health or the environment. This aligns with views of risk in primary 
scientization, in which risks are knowable, controllable, and measurable (Beck 1992). 
 When scientists answered questions about risks or used the word risk in responses to 
other questions, they often compared GETA’s risks to existing known risks around natural 
processes and breeding methods. These references situate risks as controllable and known 
hazards. Amanda describes GETA risks as “the same risks of conventional mutagenesis and 
breeding… really it’s just more precise breeding than [conventional breeding].” Eduardo 
comments:  
[GETA poses] no additional risks compared to any other [breeding or agricultural 
biotechnologies] in my scientific opinion. Even traditional breeding needs to be tested 
for safety and characterized and understood. Gene editing by itself doesn’t introduce 
any additional risks beyond anything that we are already working with.  
 
Camron drew a comparison to heirloom plants: “The risks that gene editing cause and impose 
are actually the same, but in a much lesser degree, as things like heirlooms.” 
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 Almost all of the scientists claimed that GETA poses little-to-no risks. When 
participants explained why, they often noted that safety is ensured through existing scientific 
assessments of adverse effects. Arjan elaborated: “I don’t see risks, because of the filters that 
I just mentioned in the last question about safety and the agronomic productivity that the 
context of food being in a farming system. I think that already self-sorts away from 
significant risks in gene edited foods.”  
 Many scientists succinctly responded to questions of whether GETA posed possible 
risks to society: “I do not” (Eduardo); “risks are extremely minimal” (Camron); “I can’t think 
of a way that they would” (Samuel). Kirk draws a comparison to good and bad uses of 
nuclear power, suggesting that people are concerned about nefarious uses of GETA, not 
impacts caused by the technologies themselves: “That’s why it’s so important to have some 
degree of regulatory oversight.” In that instance, Kirk believes regulations are good for 
ensuring that people are engaging in safe use of GETA, not that regulations are needed to 
safeguard against harmful effects caused by the technology. Responses like Kirk’s were 
echoed by other scientists. In these instances, risk is not conceptualized as a scientific 
probability-based assessment, but the possibility of hazards and harms resulting from 
people’s choices and actions: “Unless there was some evil intent in developing a harmful 
trait. Like a pathogen, right? Like a terrorist” (Camron); “Evil scientists… not from someone 
who is intentionally trying to release a good product” (Lydia).  
Risks Through a Broad Lens: Inclusion of Possibilities 
 The previous section examined how scientists conceptualized the word risk through 
its explicit use in interview responses. However, definitions of risk are contested and varied 
in the literature (Beck 2000). Using a broader definition of risk to code entire interviews 
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allowed me to capture scientists’ perceptions, attitudes, and beliefs not only about GETA and 
their applications, but about other publics and concerns associated with the development of 
GETA. Drawing from Jaeger et al. (2001:17 cited in Handbook of Risk Theory: 1006) I 
conceptualized risk as “any reference that concerns a situation or event in which something 
that human beings value is at stake and where the outcome is uncertain.”  
  To examine how scientists discussed risks associated with GETA, I identified all 
references to possible hazards, harms, unintended consequences, and uncertainties 
surrounding GETA. The word “risk” did not have to be explicitly stated in the text to be 
coded as a risk. Conversely, the scientific definition of risk, which I examined in the previous 
section, uses probabilities or science-based assessments.  
 This conceptualization of risk allowed me to identify more themes and topics, 
including scientists’ perceptions about the implications of biotechnologies, such as GMOs, 
and thoughts about the benefits of GETA, and for whom. Scientists also discussed their 
perceptions related to social acceptance of GETA, publics’ perceptions of biotechnology and 
GETA, and scientists’ roles as communicators and educators about GETA.  
 Through the data analysis I found that scientists see many risks to the successful 
development and use of GETA, but very few possible hazards, harms, unintended 
consequences, or uncertainties stemming from GETA. Scientists cited many possible 
obstacles to GETA’s development and expressed concerns about how the innovation may be 
stifled, which they believe will result in many types of harms for people, societies, 
economies, the environment, and scientific and technical progress. To support their claims, 
scientists frequently drew from examples connected to GMOs, such as the GMO debates, 
GMO regulations, and public attitudes towards GMOs.  
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Governance and regulation risks 
 Scientists expressed concerns that policies and regulations that are not based in 
science are a risk to the development of GETA. The governance and regulation category 
captured comments related to existing and potential government policies on regulations in the 
US and internationally. Multiple scientists opined that science and scientific knowledge 
should be core components influencing how US regulatory policies for GETA are shaped. 
Kirk illustrates: “… a regulatory environment that uses science as its basis… it means that 
the regulation needs to be scientific in evidence base…The problem is going to be if the 
wrong people are allowed to make regulatory decisions that shut this down before it starts.” 
Kirk implies that scientific information should guide decision-makers, and other non-
scientific considerations may be a threat to GETA. Arielle argues: “From a safety 
perspective, I think a light [regulatory policy] is appropriate, but it’s more political at this 
stage than it is scientific, and it has been.” Several scientists expressed a common theme, 
which is that science should guide regulatory policy formation. Non-scientific concerns were 
presented as obstacles to forming scientists’ ideal regulatory policies. 
 The majority of scientists that commented on the EU Court decision were highly 
critical of it. A common reason was that it is not perceived as a rational and scientific 
regulatory policy. Nila explains: “the EU has said no to gene editing. And they may have 
their own concerns and whatever they’re doing. I cannot figure out the rationale for that.” 
Kirk emphasizes: “Shame on them, really. I think much work has to be done to minimize 
regulations while maximizing safety and concerns. I don’t just say throw everything to the 
wind, but let’s be rational about it.” Samuel adds: “There’s just no logic to that from a 
scientific perspective, and safety perspective. So it’s frustrating when those kinds of 
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decisions are made.” These and other comments suggest that scientists believe science should 
guide policy, not other concerns or non-scientific views of risk. 
 Scientists’ expressed anxieties stemming from potentially expensive regulatory costs 
if GETA were to be regulated like GMOs. In particular, scientists voiced fears about big 
agribusiness companies being the only actors able to afford deregulation costs if GETA were 
to be regulated similar to GMOs. They argue that this will block academia and small 
companies from innovating with GETA, which Alex describes as “a tremendous loss.” 
Scientists used examples from GMOs to illustrate the innovation barriers produced by 
expensive regulatory processes. Alex explains: 
The reasons why we haven’t realized a bunch of benefits from GMOs more broadly 
was because the regulatory framework and the regulatory requirements…The upfront 
investment is so large that the only types of traits that are going to be able to go 
through that pipeline are the ones that are driven by large biotech companies with 
deep pockets. In that sense, we have missed out on a whole lot of innovation that 
might have come out of public institutions or small companies because there is just no 
way for them to foot the bill for pushing through regulatory hurdles. With genome 
editing, I’m hopeful that it’s going to be different. 
 
 Scientists also expressed concerns about the lack of international harmonization of 
regulations for GETA. For example, international global commodity trade can be impacted 
by regulatory disharmony. Nikolai laments:  
we are exporting corn, soy, and different products all over the world…this process is 
so often complex, and politicized. It takes a lot of time, a lot of money…now each 
country has its own requirements which makes it look more complicated than it 
should be. 
 
Yan also notes how a lack of harmonization creates challenges:  
 
I think there are regulatory hurdles, particularly from European countries… That 
creates a lot of trait problems, from different countries because globalization and the 
crops produce in one country is very likely going to export to all over the place. So if 
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we don’t have a very, I would say universal or similar regulatory thing for GM 
products, it’s going to create a problem. 
 
 Scientists explained that another concern was how regulatory policies may impact 
social acceptance though influencing publics’ perceptions of risk. Several scientists 
highlighted that they actually do want some regulations because no regulations could harm 
social acceptance of GETA. Without some regulations, they argue, GETA may not be 
perceived as safe. However, regulations should not be overly burdensome or expensive. 
Michael explains:  
I think as an industry we have to be open to certain regulations, certain supervision of 
how the products get to the market and things like that, within reason…The regulator 
can say “Hey, we’re not going to look at these [GETA] at all.” The risk there is going 
to be high because the consumer is going to say “Whoa, whoa. You say that people 
are going to pay for the food and you aren’t even going to look at it?” 
 
The key is to find regulatory balance. Too stringent regulations also are a risk to perceptions 
of safety in that publics because people may believe that strong regulations imply that GETA 
is dangerous. 
Socio-economic risks 
 The social risks category was also dominated by discussions about possible negative 
impacts to the development and commercialization of GETA. Multiple scientists highlighted 
a lack of public understanding of GMOs, GETA, and scientific information as obstacles that 
could present challenges. Scientists, they claim, should play a role in remedying this through 
educating the public and communicating about the risks and benefits of GETA. Lydia 
explains: “So it’s a lack of understanding that is fostering all the fear for GMOs, and all the 
fear for potentially gene editing.” Arjan elaborates: “And what I want is for people to be 
informed. When they’re informed, I think they’re less likely to be afraid of unrealistic risks.” 
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Kirk adds: “I believe that scientists should play an active role in educating the public. That’s 
why I did an education function, right. I’m pretty dedicated to it.” Scientists saw themselves 
as part of the solution to what they perceive as irrational, fearful, misunderstanding publics. 
Some described giving talks or mini-lessons at their children’s schools, while others 
described occasional social media posts and discussions with friends, family, and strangers 
that they encounter. 
 Multiple scientists referenced that the GMO debates and anti-GMO movements 
should be learning experiences and not repeated with GETA. Activists were perceived as 
threats whose concerns were rooted in undue fears about health and safety. Scientists 
expressed some optimism about public perceptions of GETA because of its technical and 
“natural” differences from GMOs. Nila argues: “the fears that were proposed by the anti-GM 
activists, gene editing can address that because there’s no foreign DNA. The changes that are 
occurring are exactly like the changes we’d see in nature that allow us to breed crops.” Yili 
comments: “Because it’s not natural, they won’t eat it. That’s carrying on from the GMO.” 
Nikolai also opines on GMO activists’ intentions and fears: “So the intention was, I think, to 
develop a fear within people. And fear is not a logical kind of thing…It’s emotional, and once 
you’re afraid, you most likely stay away because you don’t have your ability to evaluate and 
judge and develop your own opinion.”  
 Aside from activists concerned with health and safety, a couple of scientists noted that 
some GMO opposition was linked to disapproval of corporate control by agribusiness 
companies. Corporate control in agri-foods may negatively impact how publics receive 
GETA. Some scientists feared that activists opposing corporate control in agriculture may 
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impress their negative opinions upon others. Publics were perceived as not trusting the 
motives driving corporate development in agricultural biotechnologies. Kirk explains:  
[GETA] is no different than a traditionally bred crop, so a lot of interests have very 
strong entrenched anti-corporate leanings that say if DOW or Monsanto or Bayer is 
going to make a penny off of this technology, I will fight to the death to make sure 
that it never happens. 
 
Scientists noted that this may be remedied with GETA if academia and small companies can 
engage in the innovation process and offer consumer traits, not just farmer-centered traits.  
 Scientists also discussed how dissenting and diverging attitudes by publics present 
threats to GETA innovation and progress. For example, some scientists saw GMO and GETA 
opposition as challenges to the development of sustainable agricultural practices in the US 
and globally. It was argued that this will especially impact developing countries, which were 
deemed most in need of improved agricultural productivity through sustainable means. Also, 
stifling GETA development and innovations has a temporal element. A lack of acceptance of 
GETA is not only important right now, but it will impact future GETA technology access to 
solve problems. Therefore, it was imperative that GETA be embraced as a technological tool. 
Rong laments: “I just don’t see another way around [challenges posed by food security, soil 
health, and economic pressures].” 
 Some scientists cited harms to people which may result if GETA is not utilized to 
solve agricultural and food problems. Some of the cited harms were in direct responses to a 
question about who might be harmed without GETA. Other examples were included in 
response to other questions.  Scientists thought that without GETA, people would be harmed 
in a multitude of ways. They argued that agricultural advances are greatly needed, and GETA 
should not be removed “from the toolbox” (Diego). Scientists believed that the challenges 
presented by climate change, a growing global population, and arable land availability would 
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have dire consequences. As a result, poor people, especially in developing countries, would 
be impacted by food scarcity. US consumers and farmers may be harmed, also. US 
consumers will not receive the benefits of higher quality, healthier produce and diverse food 
supplies. In addition, farmers’ economic well-being and social stability might be tested if 
GETA cannot be used to combat losses to diseases and stressors impacting crops. Jesse 
explains: “a disease that’s moving fast can pop up…respond quickly because, again, one year 
is bad enough for a farmer. If you can’t fix that and if year after year, even three years in a 
row, and they lost their farm.” It is argued that everyone could benefit in one way or another 
from GETA, and everyone would be harmed in one way or another without GETA. 
 Both industry and university scientists expressed concern about how unfavorable 
economic and market factors could negatively impact GETA. For example, some scientists 
lamented the EU decision to regulate GETA through the same regulatory mechanisms as 
GMOs. They cited a concern that the EU decision had influenced biotechnology companies 
by causing companies to hold back on plans to develop GETA. Key countries that import US 
grain would influence US GETA development. Companies did not want to develop traits 
until they knew there would be sufficient demand for GETA products, both in the US and 
abroad. Samuel argues: “it’s very frustrating when those kinds of decisions are made… it set 
back science and research in Europe, but it also limits what we can do here, and limits the 
enthusiasm of our stockholders and leadership in investing and applying this technology.” 
 In addition, scientists worried about the possibility of expensive US regulatory costs 
and potential impacts on companies and GETA trait developments because regulatory costs 
could prevent academia and small companies from developing GETA products. This would 
reinforce the power and control held by a select few agricultural biotechnology companies. 
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High costs would be an obstacle to the development of consumer traits because research, 
development, and return-on-investment would favor blockbuster products that generate large 
profits, such as commodity crops. Jesse explains: “If you’re not going to get that much 
benefit out of it, what’s the gain to try to even start?” 
Environmental risks 
 Several scientists saw risks to the environment not stemming from GETA, but 
resulting or continuing from a lack of access to GETA. One concern was that without the 
benefits of GETA, more arable land will be converted from its natural state to agricultural 
production. This would cause habitat loss. Also, scientists expressed trepidation about the 
harms caused by agricultural chemical inputs. Without the agronomic benefits of GETA, they 
argued, agricultural chemical inputs will continue to harm ecosystem health. Alex explains: 
“You can imagine things like nutrient use efficiency and nitrogen fixation. And if we could 
reduce fertilizers that we have to put on our fields, then it could prevent eutrophication of the 
Gulf and all the negative impact of that.”  
 Unlike in the other categories, scientists that discussed GETA and environmental 
harms noted several ways in which GETA could possibly have a negative impact on 
environments. This was the only category where risks to GETA did not strongly outweigh 
harms from GETA or its actors. For example, irresponsible scientists could create a product 
that can self-propagate in the wild and “get loose.” Wouter notes, “Since this technology is 
quite readily available, there are some people out there that could do some really, really 
dumb things.” Edits could also threaten agricultural production. Alex cautions: “We could do 
edits in plants that could cause them to be weedy and… very damaging to agriculture.” A 
scientist also expressed concern about ecosystem disruption due to gene flows into other 
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species. Another scientist highlighted that a GETA variety of crop could cause ecosystem 
issues resulting from increased monocrop cultivation, which could impact species diversity.  
Scientific and technical risks 
 As discussed earlier in the findings, scientists did not cite many scientific or 
technology-based risks posed by gene editing and feel that safety procedures that are already 
in place are effective and sufficient. However, scientists did mention that technological harms 
and benefits were based in how they would be used and managed by people. In theory, 
depraved scientists could develop harmful traits. Responsible scientists, and science in 
general, mitigate would mitigate risks around hazards and harms. Arjan claims:  
I don’t think anybody should want all gene edited foods and crops to be 
commercialized, because there has to be somewhat (pauses), we have to do it in a 
way that’s not reckless toward the environment and consumers. So we have to be 
cautious enough that we understand what we’re doing and what the risks are. I think 
by its nature, by its definition, science will tend to do that [Emphasis added] 
 
This was a recurring theme embedded throughout many interviews. Scientists expressed 
strong faith in the inherent safety of science. Risks surrounding GETA, then, were the 
obstacles and harmful actions directed toward GETA. These came from people and groups 
outside of science who had diverging knowledge bases, values, motives, and concerns. 
 Only Rong went into any depth when discussing GETA as a source of uncertainties 
and possible hazards and harms. His reflections stemmed from his desire to understand the 
EU Court decision, which at first baffled him. He explained that the sheer power of GETA, 
and its availability and relative simplicity, were the source of its potential harm. Rong 
questions whether safety and risk assessments will also adapt quickly:  
if gene editing is so powerful, your number just getting bigger. Can you keep up with 
that? We think we can, but to me those are the questions. You have new tools; you are 
doing something you were not able to do in the past. Is everything else keeping up? 
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He also notes that an influx of products may challenge safety systems’ capabilities:  
 
the European ruling, my take on it by reading that is now all of a sudden you have 
hundreds of thousands of products on the market. Can you hold those hundreds of 
thousands of products to the same standards as the tenets you have been given? That’s 
the risk.  
 
Finally, Rong explains that extreme DNA changes cross new boundaries: “Where’s the 
boundary?... do you treat it as a completely artificially created [plant]?...Do you create some 
completely new pathways? Create some nutrients you never had before?” He believes that 
going too far, too fast, is a risk, which demonstrates reflexive thinking. 
Assessing for Reflexive Scientization 
 To assess if scientists’ perceptions indicate the presence or absence of reflexive 
scientization, I examined all of the coding for risk and benefits and an additional code on 
public perceptions. The coded information was assessed against three criteria representing 
qualities of reflexive scientization. If scientists’ comments were contrary to the criteria, I 
indicated those as evidence of primary scientization. I found that GETA scientists’ comments 
and perceptions indicated strong evidence of primary scientization. There were limited 
examples of reflexive scientization.  
Criteria 1: Scientists acknowledge the legitimacy of non-scientific and non-
economic sources of knowledge and opinions relating to biotechnologies and 
GETA concerns and tensions. 
 
 Examples: 
o Neutral or positive references to concerns raised by various publics in the 
GMO debate. 
o Neutral or positive references to various publics when talking about GETA 
and justifications for social acceptance or rejection. 
 
 Multiple scientists employed negative references when describing publics and 
activists involved in the GMO debates. Scientists expressed concerns that opposition to 
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GETA may follow similar lines of rationality. They often cited opposition to GMOs as driven 
by fear and misunderstandings of the science behind crop improvement methods and the food 
system in general. By over-simplifying causes and concerns about GMOs as being fear 
based, scientists denied the legitimacy and complexities of arguments by opponents and 
neutral viewpoints. Arielle emphasizes:  
I have no doubt that the off targets are going to be where the activists will create the 
fear mongering and that is where they will hone in on of the unknowns and you can’t 
trust this technology, and it could introduce 100s of off targets and that sounds 
terrible. 
 
Nila adds: “You know, a lot of this is embedded in the debate against genetically modified 
organisms where I think that passions and fear won the case.” Lydia comments on her belief 
that opposition is largely related to misunderstandings:  
A lot of people don't really have a firm understanding, or there's… the I think they call 
it the natural fallacy that they think anything that's not produced by nature and even 
vaguely touches a lab is somehow damaging to one's health. So it's that lack of 
understanding which is fostering all the fear for GMO, and all the fear for potentially 
gene editing.  
 
 Several scientists believed that educating people about the science, benefits, and risks 
of GETA was necessary to avoid repeating the GMO debate. They saw social acceptance of 
GETA as critical, and scientists needed to help others to view the issue similarly to how they 
see it. Alfonso emphasizes the importance of education and social acceptance: “I think 
[scientists] have a role in educating the public. I think the biggest risk for genome editing, and 
you can use this quote ‘The biggest risk in genome editing is not using it.’ It’s really important 
that we do not have another GMO education debacle.” Alfonso’s statement represented a 
common theme among the scientists, which was that publics may be a risk to GETA 
development. Jesse explains:  
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I hope to give people the awareness and knowledge so they can make informed 
decisions. So they can have informed conversations. Ultimately, the goal of that that I 
would like to see is that… as we progress with these technologies, we have scientific-
based regulations and things that make sense scientifically or things that people are 
scared of looking at, or afraid to try something, and being informed in general. 
 
Jesse’s statement highlighted his belief that scientists can help the public partake in what he 
saw as informed conversations. His comments suggested that GETA must be understood 
through a scientific lens, implying that non-scientific viewpoints are uninformed. 
 One area where some aspects of reflexive scientization appeared was regarding 
concerns about corporate control of agriculture and biotechnologies. A few scientists 
mentioned this as a reason publics did not accept GMOs. Rong notes: “the association with 
corporations will not make the [GETA] debate easy… The reason is this company is doing it to 
try to make money. Not necessarily that you have my interest as a consumer in mind. That type 
of trust I don’t think is necessarily there.” Scientists felt that publics’ concerns about corporate 
control of agricultural biotechnologies would be lessened if GETA is accessible to the broader 
scientific community. 
 These and other comments suggested that scientists may not recognize that people have 
different ways of understanding the risks, benefits, and issues surrounding GMOs and GETA. 
Concerns about risks and agricultural biotechnology go beyond science and are not necessarily 
dependent upon understanding how biotechnologies work. The examples that did support the 
presence of reflexive scientization tended to be neutral comments, rather than acknowledging 
the legitimacy of concerns outside the realms of science and economics. 
Criteria 2: Scientists express openness to multiple standards of rational actions 
for making rules and determining limits on GETA. This is examined through 
scientists’ opinions about governance and regulation of GETA, and who should 
be involved in the decision-making process. 
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 Examples: 
o Scientists are impartial when talking about the EU Court’s decision on 
GETA. 
o Acknowledging that science is not the only rational, logical, or valid 
knowledge when making government decisions. 
o Recognizing the legitimacy of non-scientific and non-economic factors in 
regulation and policy decision-making. 
 
 Similar to criteria 1, scientists’ comments largely provided support for primary 
scientization, rather than reflexive scientization. Regarding the US regulatory environment,  
scientists who commented on it were pleased with the USDA’s decision to oversee GETA 
similarly to conventional breeding. Conventional breeding is generally deemed safe and does 
not go through a mandatory pre-market evaluation by the USDA; rather, plant breeders are 
responsible for conducting their own safety tests (ASTA n.d.). Scientists felt that policies 
should be based upon science and scientific assessments. Alex mentions this twice during the 
interview: “I think we need science informed, science driven policy” but then adds “Values 
attentive regulation. So, in addition to transparency, choice, this is another thing that should be 
paid attention to” and later “It will remain to be seen whether a sort of rational science-based 
system of oversight gets put in place… that is one of the reasons we haven’t realized more 
benefits of GMOs.” Alex demonstrated reflexivity when he mentioned values, but then 
reverted back to the primacy of science through a “rational science-based system.” In other 
words, he felt decision making should privilege scientific rationality. Other ways of thinking 
about regulations were not perceived as rational. 
 Scientists were strongly opposed to the EU Court’s decision to regulate GETA similar 
to GMOs. They discussed the EU Court decision in more depth than current US regulations. 
Arjan explains: “In the US, we need to maintain the favorable situation we’re in right now, 
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and in Europe we need to completely turn the situation in Europe in the opposite direction.” 
The current EU framework GMO regulatory framework errs on the side of caution, which he 
did not acknowledge as a standard of rational action for decision-making. Arjan believed the 
EU Court decision was already impacting US GETA innovation and development. Arielle 
expounds:  
It probably will take Europe to wake up. Because the EU has said no to gene editing. 
And they may have their own concerns and whatever they’re doing, I cannot figure 
out the rationale for that. But for worldwide access, or worldwide benefits, there 
should be worldwide acceptance. 
 
She strongly felt that the reasoning for the EU court decision was not acceptable and added 
that everyone across the globe should support acceptance. This was an exceptionally strong 
example of primary scientization. Samuel also explains: “There’s just no logic to that from a 
scientific perspective, and safety perspective. So it’s very frustrating when those kinds of 
decisions are made. It really sets back… it set back science and research in Europe, but it 
also limits what we can do here.” His comment suggested that the EU should follow what he 
believed to be a scientific safety perspective. Samuel did not see legitimacy in the EU Court’s 
decision, even though it is the court for a democratically-chosen independent governmental 
body representing 28 sovereign nations. Amanda provides a counterpoint to the dominant 
scientific perspectives on the EU Court decision, although she still only deemed it “semi-
rational”: “But in Europe I think there is a localvore kind of pride in using local varieties and 
tradition and trying to keep things the way they are. That’s a different thing. That’s a matter 
of local pride. That’s not so much a matter of fear.” She acknowledged that culture and 
values could be incorporated into decision-making. 
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Criteria 3: Scientists no longer view science as infallible. Risks go beyond what 
can be measured with scientific and probability-based assessments of adverse 
effects. 
 
 Examples: 
o Scientists conceptualize risk as the possibility of hazards, harms, uncertainties, 
and unintended consequences resulting from biotechnologies and GETA.  
o Scientists acknowledge the limits of scientific knowledge and possibility of 
errors. 
 
 My assessment of criteria three found that primary scientization was present more 
often than reflexive scientization. While I found more support for evidence of reflexivity in 
criteria three as compared to the other criteria, scientists’ comments still predominantly 
suggested that risks from GETA are minimal due to existing scientific practices and safety 
assessments. As my earlier finding confirmed, scientists conceptualize risk through a 
scientific lens based on existing knowledge and calculations. Many scientists responded to 
the question of risks posed by GETA by expressing confidence in current risk and safety 
assessments. Alfonso explains: “Scientists, I think they’re generally responsible people. If 
you made something that was potentially dangerous, it probably would be eliminated before 
it reached the public. I think it’s a self-policing, self-regulating system.” Alfonso believed 
that science and scientists can regulate themselves. Lydia comments:  
It’s very highly tested for nutrition. It’s tested for safety. It’s tested for allergies, so 
there is very little chance that something would go out that has something that’s been 
missed. One of the benefits is we can screen plants very rigorously before any 
product goes out the door. 
 
Lydia, like several other scientists, expressed confidence that current testing of GETA will 
prevent harms to the people that eat it.  
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 Scientists also believed that the risks posed by GETA are similar or less than other 
plant breeding techniques. Some likened the risks posed by GETA to the risks posed by 
nature. Nila’s comment reflects elements of both primary and reflexive scientization:  
Any risks? As much as there are risks with anything that nature does. Nature can 
make a mutation that might lead to… an unknown product in the food. Even in 
science, we don’t know everything. Neither do we know everything in nature…There 
can always be that rare unknown, but I think the more we know, the more we’re 
coming from a solid knowledge base, the less chances of those things occurring. 
 
She acknowledged the limits of scientific knowledge and what is known. However, she 
rationalized the limits of science by drawing a comparison to how natural processes can be 
dangerous. Eduardo also expresses confidence that GETA risks are accounted for:  
No additional risks compared to any other technologies in my scientific opinion. Even 
traditional breeding needs to be tested for safety and characterized and understood. 
Gene editing by itself doesn’t introduce any additional risks beyond anything that we 
are already working with. 
 
Overall, scientists expressed a strong faith in the infallibility of science and safety tests. 
 Some scientists demonstrated reflexivity by mentioning the possibility of off-site and 
unintended mutations in GETA organisms’ genomes. However, they expressed confidence in 
the precision of GETA methods and the ability of testing to identify potential problems in the 
genomes. They argued that as a result, the possible impacts of off-site mutations are not a 
concern. Wouter references off-site mutations:  
The question is whether or not one would be able to recognize these because they can 
happen anywhere in a genome. Would they cause some kind of a problem? That is 
unknown, very unlikely that it would… With the gene editing tools that are out there 
now are very specific towards making onsite changes and not making offsite. 
 
 One area in which several scientists demonstrated reflexivity related to the possibility 
that GETA could potentially cause environmental harms. Some scientists acknowledged the 
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possibility of harms and uncertainties about ensuing ecological interactions. Laboratories can 
test GETA for elements that could potentially harm people, such as introducing new proteins 
or allergens; however, when GETA is employed in fields, it will interplay with many other 
plants and living organisms. Yan explains: “I’d like to see more thorough studies on the 
ecology side…particularly how gene flows to wild varieties…Is that going to impact the 
environment? Again, agriculture is not a natural way to grow plants…We have to keep an eye 
on that.” Yili also mentions the possibility of ecosystem disruptions: “[GETA] could cause 
some ecological problems…You have edited genes that, and if you have relatives species, 
they can cross with each other…so will that cause any ecosystem change?” While these 
examples demonstrate reflexive scientization, I did not find many examples where scientists 
mentioned scientific limitations or uncertainties surrounding GETA’s safety and potential to 
cause harms, such as negative unintended side-effects or the emergence of unknown 
variables. 
Discussion 
 Scientists continue to view risks as scientifically knowable, controllable, and 
measurable, highlighting the continued dominancy of what Beck (1992) called the monopoly 
of science. Various publics were viewed in a way that suggests they may cause harm to 
GETA’s development. This highlights an important tension: Despite the various social, 
economic, environmental, and ethical concerns that publics have about GMOs, science seems 
to continue to consider those as non-legitimate concerns, or perceived risks as opposed to 
“real” risks, in the context of GETA.  
 GETA science may fail to become reflexive for various reasons. Pressures for science 
commercialization may act as a barrier to reflexive science. Glenna (2017) defines science 
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commercialization as “policies, institutional incentives, and scientist practices related to a 
range of commercial activities, including accessing industry funding for research, pursuing 
intellectual property protections and licensing revenue, serving on industry advisory boards, 
consulting for industry, and establishing start-up companies” (1021). Agricultural 
biotechnologies, such as GETA, depend upon markets for their products, such as farmers and 
consumers. Regardless of whether GETA scientists work for industry or academia, their work 
is intimately linked to economic interests, which may constrain their ability to express 
reflexivity and critical opinions that do not support the development of GETA.  
 Economic and financial factors play a significant role in what research is conducted 
and for what aims. This is not unexpected for GETA scientists working in industry. However, 
agricultural and research funding for public institutions is increasingly coming from private 
sources and public funding is declining (Glenna 2017). The influence of funding sources can 
become problematic in public research institutions when the research goals of producing 
public versus private goods becomes blurred. Glenna (2017) argues that the influence of 
private sector funding in public institutions is likely shaping research agendas, and scientists 
may be responding to the private industry agenda. For example, a scientist may want to 
investigate staple crops, such as rice, which support food security, but a funding source or 
company business strategy may require researchers to focus on commodity crops, which 
have greater potential profit margins. Research constraints and choices, such as the 
aforementioned, will have real world implications for different people through direct and 
indirect distribution of possible risks, benefits, and unintended effects.  
 Science may also be aware of, but unwilling to admit, its own ignorance about what is 
known and unknown in regard to risks surrounding agricultural biotechnologies. Riem and 
 
 
75 
Wynne (2002) explain that the scientific “domain of ignorance” is the “interaction between 
unknown processes and/or unknown state-variables” (123). They argue that risk assessments  
tacitly neglect the unknowns surrounding a risk. Publics have strong apprehensions about the 
possible side effects of new technologies and want assurances about how inevitable 
unforeseen consequences will be addressed (Riem and Wynne 2002; Beck 1992). By 
dismissing unknowns in favor of existing knowledge, science is contributing to its loss of 
legitimacy and trust by publics (Riem and Wynne 2002). If GETA scientists attempt to 
convince publics that risks surrounding GETA are known and controllable, and by viewing 
publics as lacking scientific knowledge and in need of education, GETA scientists may 
distance themselves further from certain publics by overlooking the multitude of concerns 
and non-scientifically defined risks. 
 Scientists and science may not demonstrate significant reflexivity, such as being self-
critical and acknowledging the legitimacy of non-scientific concerns, knowledge, and 
rationalities, because reinforcing the status quo may be seen as more beneficial and desirable 
on both individual and institutional levels. In 1938, sociologist Robert Merton argued:  
it must be remembered that the scientist, in company with all other professional 
workers, has a large emotion investment in his way of life, defined by the institutional 
norms which govern activity. The social stability of science can be ensured only if 
adequate defences are set up against changes imposed from outside the scientific 
fraternity itself” (Merton 1938:327-328).  
 
The sciences surrounding agricultural biotechnologies might be particularly adept at 
protecting the traditional ethos held by the institution of science. Coupled with the financial 
support and institutional backing by often powerful agricultural industry actors, it is not 
particularly surprising that GETA scientists did not demonstrate strong degrees of reflexivity 
during our interviews. 
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 Scientists also hold a high status within societies due to the level of prestige 
associated with perceptions of the scientific profession and academic achievement. If the 
societal value of non-scientific knowledge and rationalities increases— such as local 
knowledge pertaining to best practices in agricultural production, cultural considerations in 
agricultural policies, or ethical critiques of the agricultural industry— agricultural 
biotechnology sciences may decrease in social status. Alternatively, science may not lose 
status, but professions and other identities associated with other forms of knowledge may 
gain additional status. High social status impacts behaviors and power relations, and 
individuals possessing high social status may experience perks such as being viewed by 
others as highly competent, receiving preferential resource allocation, and experiencing 
deference by individuals with less status (Roberts et al. 2019). GETA scientists may believe 
that maintaining the culture and norms of primary scientization essentially protects their 
status and power by maintaining an image of infallibility.  
 Paradoxically, science may be its own worst enemy in that societies may value the 
qualities and beliefs of a reflexive science over the qualities and beliefs established in 
primary scientization. By attempting to defend the attributes typical of primary scientization, 
scientists may actually be contributing to the de-legitimation of agricultural biotechnology 
sciences and lowering of their social status. The GMO debates show that publics hold critical 
views of agricultural biotechnologies for reasons beyond science. Societal tensions are 
already emerging around GETA (Pirscher et al. 2018). A self-critical and reflexive science 
surrounding GETA may be the solution to some of the tensions that are arising around gene 
editing technologies in agriculture. Reflexive scientization may actually be what is needed to 
protect the status and prestige held by science. This aligns with what Beck (1992) argues 
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when he explains that by becoming self-reflective, science is able to regain its lost legitimacy 
and end the internal and external crises it experiences as publics become increasingly 
reflexive.  
Conclusion 
 The interview data indicates how scientists perceived the benefits associated with 
GETA. Overwhelmingly, scientists commented confidently that GETA is safe and provides a 
multitude of benefits for consumers and farmers. GETA also could foster an inclusive 
scientific community if it remains inexpensive and not overly burdened by regulations, 
breaking the agribusiness monopoly that controlled GMOs. Scientists also saw numerous 
technical benefits, including GETA’s precision, agility, accuracy, and speed. They argued that 
all of these benefits may materialize if the regulatory oversight remains minimal and 
inexpensive, which is what the March 2018 decision by USDA Secretary Perdue supports. 
Scientists also explained that GETA presents limited risks, which are seen through a 
scientific definition of risk as known and measurable by science and risk assessments. Most 
scientists believed that GETA is safe because of thorough testing, as well as GETA’s 
similarity to nature and existing breeding methods. However, they noted there are many risks 
to the successful development of GETA. I found that scientists thought many social, 
economic, and environmental harms could result without GETA. A particular threat to GETA 
is social opposition and the EU Court decision. Scientists believed GETA’s development 
currently is stifled, and will continue to be in the future, unless science-based regulations and 
policies are adopted in the EU. This will have negative impacts for consumers and farmers in 
the US, as well as developing countries with limited food security. 
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 I also assessed if scientists’ presented evidence of reflexive scientization. My 
findings, however, found little support for reflexive scientization and strong support for 
primary scientization. Criteria one examined if scientists recognized the legitimacy of non-
scientific and non-economic concerns about GETA and biotechnologies. Scientists 
predominantly saw publics’ and advocates’ concerns as rooted in fear, rather than what they 
deemed legitimate concerns about science and safety assessments. Scientists believed that 
people’s concerns are based on misinformation, which can be rectified through science 
education.  
 Criteria two assessed if scientists expressed openness to various forms of rational 
decision making around GETA, particularly related to regulations and oversight. Scientists 
were pleased that the USDA is currently using what they consider a science-based risk 
assessment of GETA, but scientists expressed frustrations regarding the EU Court decision. 
They believed the decision was not science-based and not what they considered logical. 
 Criteria three evaluated if scientists recognized the limitations of scientific knowledge 
and that risks are not always measurable through science and quantifiable risk assessments. 
While some scientists noted possible harms to the environment, most scientists explained that 
almost no risks exist because of the strength of existing scientific knowledge and risk 
assessments. Overall, there was strong evidence for primary scientization and limited 
evidence for reflexive scientization.  
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CHAPTER 5: CONCLUSION 
Summary 
 This study has focused on understanding how scientists perceive the risks and 
benefits of gene editing in technologies for agriculture and to assess if scientists engaged in 
reflexive scientization. GETA and GM crops are important research topics. Genetically 
modified crops have affected relations between industry and academia; farmer well-being; 
and rural environments; and other issues (Jones 2018).  
 Beck’s (1992) theory of reflexive modernization and concept of reflexive 
scientization offer insights into the institution of science’s perceptions related to agricultural 
biotechnologies in general, and gene editing technologies in particular. GMOs have been 
greatly contested in both the United States and other nations. Publics have concerns about 
how the risks and benefits of GMOs are distributed, and for whom (Jones 2018). These go 
beyond concerns about risks to human health and the environment to include non-scientific 
risks, such as ethical tensions, cultural anxieties, justice issues, and more (Jones 2018).   
 I analyzed interviews with 20 GETA scientists to identify and describe what scientists 
perceive as the risks and benefits surrounding GETA. To understand if scientists engage in 
reflexive scientization, I analyzed scientists’ perceptions of risks and benefits to assess if 
criteria of reflexive scientization were present. My findings indicate that scientists perceived 
risks posed by GETA through a scientifically-based definition of risk. They saw GETA as 
posing little-to-no risks to human health and the environment and believed GETA has great 
potential to provide numerous benefits, especially for farmers, consumers, agricultural 
production, food security, and the environment. During interviews, scientists primarily did 
not engage in reflexive scientization. Rather, scientists displayed aspects of primary 
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scientization, such as denying the legitimacy of non-scientific ways of understanding GETA; 
dismissing non-scientific rationalities in governance and decision-making; and supporting the 
infallibility of science and scientific risk-assessments.  
Implications and Significance 
 These findings imply that the primacy of scientific knowledge, truth, and rationality 
remains engrained in the community of sciences working on the development of GETA, 
which can be problematic as publics push for greater engagement in decision-making around 
new technologies. If scientists remain opposed to publics’ non-scientific considerations, 
knowledge, and rationalities, they risk causing harm to the legitimacy of their research and 
applications. In addition, government decisions associated with GETA should not simply 
privilege science over other considerations of importance to publics. Risks, hazards, harms, 
and unintended consequences, both as scientific risks and broadly defined risks, cannot be 
fully accounted for by science, and other sources of knowledge can provide important 
insights to mitigate GETAs potential harmful side-effects. Various publics are impacted in 
both positive and negative ways, as well as directly and indirectly, by agricultural 
biotechnologies. Their voices and concerns should be viewed as legitimate and valuable. 
 If reflexive scientization is going to emerge within the community of sciences 
engaged in GETA, it will likely take more than reflexive publics demonstrating resistance to 
GETA. For example, the scientists in my interviews even failed to acknowledge the 
deleterious effects caused by glyphosate resistant “superweeds” resulting from monocrop 
agricultural production and GM seeds (Bain et al. 2017). Only one scientist mentioned 
chemical resistant weeds during their interview. Unintended and unforeseen consequences 
have already resulted from GMOs, demonstrating the limits of risk-assessments. It remains to 
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be seen if a grand catalyst caused by GETA—either to human health, environmental health, 
or social well-being— could prompt scientists into reflexivity and recognition of the limits of 
science in predicting and controlling risks. 
 Beck’s theory of reflexive modernization fails to fully recognize the constraints to 
reflexivity in agricultural biotechnology research. Economic factors are likely a barrier to 
reflexivity among agricultural biotechnology sciences. Reflexivity could be seen as a threat 
to the development and commercialization of agricultural products, especially self-critical 
views that run contrary to company or academic department goals. Institutional pressures 
may deliberately or implicitly hinder the development of scientific reflexivity around 
agricultural biotechnologies. Scientists may have little choice or say in practicing reflexivity 
openly, for it could possibly impact their employment security or promotions. 
  Finally, scientists are concerned about public acceptance of GETA, yet they are 
resistant to seeing the publics’ knowledge, rationalities, and concerns as legitimate. Beck 
(1992) argues that all risks are in fact perceptions. If scientists want to avoid contributing to 
opposition toward GETA, they should seek to understand publics’ perceptions about risks 
surrounding GETA and engage in dialogues. 
Recommendations 
 Future empirical studies are needed to assess Beck’s theory of reflexive scientization 
as it relates to not just agricultural biotechnologies, but other agricultural techniques and 
technologies as well. Beck (1992) explains that nature conservation sciences are an example 
of reflexive science. Scientists involved in sustainable agriculture and agro-ecological 
approaches to agriculture may be engaging in greater degrees of reflexive scientization due to 
less economic pressures or differing values. Research in these areas can help provide insights 
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into how different agricultural sciences perceive the risks and benefits of their technologies, 
and how reflexive scientists may be able to mitigate risks. 
 Beck (1992) theorizes that reflexive science can restore trust and legitimacy in the 
institution of science. Studies on the relationship between reflexivity in science and publics’ 
responses can offer insights into the value of reflexivity. My literature review describes and 
analyzes previous studies using Beck’s theory of reflexive modernization and scientization in 
the context of agriculture technologies. These studies highlight tensions among scientists and 
publics. It is important to understand if reflexive scientists can build better relationships with 
publics, and if so, which publics. Improved relationships and communication may mitigate 
tensions surrounding biotechnologies, and especially GETA.  
 Future research should also examine if reflexive science can help ameliorate risks and 
hazards that might result from science and technology. For example, Stuart et al. (2012) 
found that farmers were resistant to adopt alternatives to nitrogen fertilizer because they do 
not perceive climate change as a risk. This resistance may be in part due to how experts 
communicated with farmers. Could reflexivity in science communication help bridge gaps 
around risk perceptions and hazardous actions? If so, reflexive science may not only mitigate 
the creation of risks and hazards that result from technological innovations, but it could also 
help steer publics’ beliefs and actions away from contributing to risk and hazard production. 
Limitations 
 This qualitative study focused specifically on 20 scientists engaged in the 
development of gene editing technologies in agriculture. It provides a snapshot of scientists’ 
perspectives and indications of reflexivity at a specific time and setting with me as the 
interviewer. No generalizations about other scientists can be deduced from this study. Rather, 
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the emergent topics and trends are used to build an understanding of the institution of science 
in which my interviewees operate. When I reference the “institution of science” or 
“communities of science” in relation to my study, I am not attempting to homogenize all 
scientists or branches of science into one category.  
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APPENDIX A: INTERVIEW QUESTION LIST 
 
Scientists Perspectives on the Risks and Benefits of Gene Editing Technologies 
in Agriculture: Assessing for Reflexivity 
 
Name:__________________________ 
Years of experience:_______________ 
Academia, industry, or both: ________ 
Consent: ________________________ 
 
Social Implications/Risks: effects on people in general, considered in relation to the 
structure of institutions (i.e. government, etc.), organizations, cultures, relationships among 
different groups (within and among societies), and general well-being of groups and/or 
societies (health, economics statuses, equality, etc.). 
 
Opening Questions 
1. Can you tell me a little about your educational and work background? 
(Department, PhD subject, places worked, etc.) 
a. Have you worked on GETA projects? Briefly explain. 
2. What led you to decide work on gene edited foods and crops? 
a. Why not a different crop improvement technique? 
b. Do you have a choice in which agricultural topics you investigate? 
c. Who funds your research? 
 
Main Questions 
3. What do you see as the most pressing issues in food and agriculture? (Locally? 
Regionally? Nationally? Globally?) 
a. What is the role of scientists in addressing these issues? 
b. What is distinct about gene editing for addressing these issues? 
4. What benefits do you think may result from the development of GETA to 
address these challenges? 
5. What are the social benefits?  
i. For whom?  How?   Why? 
b. What is necessary for the benefits to materialize? 
i. What obstacles do you think might prevent the successful 
development of GETA?  
ii. Why might someone not want to see gene edited foods and crops 
become commercialized? 
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c. Do you think specific groups won’t benefit from GETA?  
i. Why not? 
6. What risks may GETA pose? 
a. What risks may GETA pose to society? 
i. For whom?  How?  Why? 
7. Are these risks worth taking? 
8. Do you think GETA will be accepted by the public?  
a. Why or why not? 
b. Who do you think will be negatively impacted if gene edited foods and 
crops are not publicly accepted? 
9. Do you think the motivations of public/university and industry scientists 
involved in the development of GEFs differ? 
a. Why? 
b. How? 
10. To what extent do you think scientists should publicly vocalize support for 
gene edited foods and crops?  
a. Do you advocate your support of GEFs? (If yes, go to Advocacy 
Questions) 
 
Advocacy Questions 
11. What is your target audience? Why them? 
12. What do you hope to achieve through advocating in support of GETA? 
13. How would you respond to someone who argues that scientists should stay in 
the lab and remain neutral? 
14. Do you think scientists approach their research objectively and value-free? 
 
Development Questions 
15. Do you have an opinion as to why GMOs did or did not produce certain 
social benefits? 
16. ____________________ has argued that GMOs have not helped alleviate 
hunger. Why is gene editing more likely to help ameliorate food insecurity? 
17. Could you provide an example of _________________? 
 
Closing Question 
1. If you had unlimited funds and resources, what gene edited food or crop 
innovation would you like to work on next? Why? 
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APPENDIX B: SAMPLE INTERVIEW INTRODUCTORY LETTER 
 
 
 
  
Department of 
Sociology 
103 East Hall 
510 Farm House Lane 
Ames, Iowa 50011 
515-294-6480 
FAX 515-294-2303 
www.soc.iastate.edu 
January 14, 2019 
 
Ms. Sonja Lindberg  
Iowa State University 
308 East Hall 
Ames, IA 50011 
sonjal@iastate.edu 
 
Dear Ms. Lindberg, 
I am writing to request your participation in a study titled “Examining Agricultural and Life Scientists’ 
Perspectives on the Social Implications of Gene Edited Foods and Crops.” This research is part of my 
Rural Sociology master’s degree requirements. The goal of this research is to identify, describe, and 
analyze agricultural and life scientists’ perspectives on the social benefits and risks of gene edited 
foods. This will be accomplished through in-depth, semi-structured interviews with scientists working 
on the development of gene edited foods and crops.  
To participate, you must be an agricultural or life scientist working on the development of gene edited 
foods and crops. In addition, you must be currently employed by a university or private company. It is 
also required that you have earned a PhD in a relevant area of study. Please only respond to this 
interview request if you meet all of these criteria. 
The interview will last approximately 40-60 minutes. Your participation is completely voluntary and 
you may choose to end participation at any time or skip questions you do not wish to answer. There 
are no foreseen risks or benefits for interviewees. Identities of interviewees will remain confidential, 
and any presentation or publication that uses interview data will use pseudonyms. To ensure accuracy, 
all interviews will be recorded and transcribed. 
For further information about the study, you may contact me at (651) 200-1471 or sonjal@iastate.edu; 
or Dr. Carmen Bain, Department of Sociology, Iowa State University, at (515) 294-9895 or 
cbain@iastate.edu. Dr. Bain is the supervising investigator on this research project. 
If you have any questions about your rights as a research participant, please contact the IRB 
Administrator at Iowa State University at (515) 294-4566 or IRB@iastate.edu.  
Thank you for your consideration. 
Best regards, 
 
Sonja Lindberg     sonjal@iastate.edu 
Master’s Student, Department of Sociology  
Iowa State University 
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APPENDIX C: INFORMED CONSENT FORM 
 
 
 
Department of Sociology 
103 East Hall 
510 Farm House Lane 
Ames, Iowa 50011-1054 
515-294-6480 
FAX 515-294-2303 
www.soc.iastate.edu 
 
 
Informed Consent Form  
 
The title of this research project is “Identifying Gaps in Public Trust and Governance 
Recommendations for Gene Edited Foods.” This research is being funded by USDA-
NIFA. The goal of this project is to understand emergent attitudes and concerns regarding 
gene-edited foods, identify gaps in public trust, and determine the major factors that may 
induce or impede trust in gene-edited foods and their governance. We will accomplish this 
through in-depth interviews and a survey of key stakeholders, including relevant 
government agencies, NGOs, agricultural scientists, agriculture and consumer advocacy 
groups, and food and biotechnology companies.  
 
Your participation is completely voluntary and you may choose to end participation at any 
time.  Identities of interviewees will remain confidential, and any presentation or 
publication that uses interview data will use pseudonyms. You may skip any question that 
you do not wish to answer or that makes you feel uncomfortable. To ensure accuracy, all 
interviews will be audio-taped and transcribed. 
 
For further information about the study, contact either Carmen Bain, Department of 
Sociology, Iowa State University, Tel: (515) 294-9895, Fax: (515) 294.2303 or Email: 
cbain@iastate.edu or Theresa Selfa, Department of Environmental Studies, SUNY-ESF, 
Tel: (315) 470-6570 or Email: tselfa@esf.edu   
 
If you have any questions about your rights as a research participant, please contact the 
IRB Administrator at Iowa State University, (515) 294-4566, IRB@iastate.edu.  
  
By signing, I agree that I have been informed about the purposes of the research and how 
the results will be used.   
 
 
Name: 
 
Signature: 
 
Date:  
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APPENDIX D: CODING SCHEME 
 
Themes and Sub-themes Examples 
 
Risks 
 
References to risks/benefits associated with 
GETA… 
Technical or scientific Unintended mutations, genomic errors, too little scientific 
knowledge, safer than other biotechnology methods, etc. 
Environmental Ecosystems, gene drift, lack of long-term studies, pesticide 
treadmill, not realizing the environmental benefits through 
GETA 
Social Corporate agriculture consolidation, human health and 
general, hunger and food insecurity, lack of public acceptance 
of GETA, fearmongers and NGOs 
Governance Stifling GETA through burdensome regulations, European 
court decision, US regulations too lax, lack of global 
harmonization 
Economic Trade with other nations, US ag industry, stifle innovations, 
lower prices, EU-Africa trade 
None or little None or few risks involved; no more risks than conventional 
breeding; testing eliminates health risks, risk of harm without 
GETA 
 
Benefits 
 
Technical or scientific Improvements compared to other biotechnologies (speed, 
cost, precision) or other aspect of science and agronomy,  
combat effects of climate change 
Environment Reduced pesticide use, sustainability, produce more on same 
or less land 
 
 
Social Improved food  
• Healthier, biofortification, reduced toxins, reduced 
allergens, Golden Rice, taste, quality, etc.  
Specific groups will directly benefit  
• Consumers (purchasing choices and desirable traits 
such as flavor, nutrition, shelf storage life) 
• Farmers (less labor, family and community stability) 
Address hunger 
• Global South and hunger 
Governance Current US regulations 
• USDA decision: basic gene editing treated like 
traditional breeding, not GMOs 
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EU Court Decision 
• More market for US GETA 
Economic Buy less inputs (pesticide or fertilizers), trade relations, less 
expensive food, less food waste  
None or little Minimal benefits 
 
 
Individual Question Themes 
Agriculture and food issues Topics identified as the most pressing issues in food and 
agriculture 
• Climate change’s impact on ag 
• Growing global population 
• Producing enough food 
 
Public acceptance Yes, no, maybe, hopefully, because… 
GEAF advocacy Scientists personally consider themselves as a GETA 
advocate (yes and no), benefits and drawbacks of advocacy 
Food security Food security/insecurity, growing population, “feed the 
world”, hunger in Africa, Golden Rice 
Funding sources Public grants, philanthropic foundations, industry funded, 
shareholders 
 
Use of “risk” 
Answers to direct questions about risks and use of “risk” in responses to other questions. This is for 
determining the dominant conceptualization of risk employed by scientists. 
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APPENDIX E: IRB APPROVAL LETTER 
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